DECEMBER, 


AMERICAN SOCIETY CIVIL 


INSTITUTED 1852. 


TRANSACTIONS. 


Society not responsible, body, for the facts and opinions advanced 
in any of its publications. 


No. 854. 


COMPARATIVE TESTS BITUMINOUS STEAM 
COALS. 


PRESENTED May 3p, 1899. 


WITH DISCUSSION. 


During the past few years several papers have appeared the 
Transactions the American Society Mechanical Enginecrs, and 
engineering periodicals, touching the ultimate chemical analysis 


coals, especially bituminous and semi-bituminous coals, and upon the 
determination the heating power coals from the proximate and 
ultimate analyses and calorimetric methods; and attempt has 
been made upon more than one occasion, deduce from knowledge 
the intrinsic thermal value coal the relation between its 
power and the practical results which can obtained from when 
burned under steam boilers. one the most interesting and ex- 
haustive these papers, contributed the late Charles Emery, 


Am. E., the whole field experimental information the 


comparative efficiencies coals briefly and clearly 
The papers contributed Professor Carpenter, Cornell 
University Mr. George Barrus, E., Boston; Professor 


Comparative Tests Steam Boilers with Different Kinds 
American Society Mechanical Engineers, Vol. xvii. 


Vol. XLII. 1899. 
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HILL TESTS STEAM COALS. 


Lord, the Ohio State University, and others, when taken together, 
indicate more profound interest the composition, eaergy 
and practical possibilities steam coals, than has been displayed 
all the years that have transpired since Professor Walter Johnson 
made his celebrated investigations for the United States Navy,* and sug- 
gest that any experimental data upon this subject should weleome 
those whose interests touch, however indirectly, this important 
factor modern civilization. 

During the summer 1897, the author was commissioned the 
Honorable Board Administration, Cincinnati, investigate and 
report the various bituminous steam coals available the local 
market, with view obtaining factors means which the 
prices asked dealers for different kinds and grades coal could 
reduced uniform basis for the comparison bids. The practical 
application these factors can best illustrated the fact that 
heretofore has generally been assumed, upon receiving bids coal 
for the City Water Department any other municipal service, that there 
was large difference the quality the various coals offered, and 
that the lowest bid represented the most economical purchase. Each 
mine owner agent very naturally has insisted that his coal was equal 
superior that his competitors, from which the average city 
official would argue that one coal quite good another, the 
lowest bid represented the greatest economy the corporation. 
means the factors mentioned, the price bid multipled, and new 
set prices obtained for purposes comparison only; and that price, 
which after such reduction the lowest, represents the most econo- 
mical coal for steam purposes. 

The experimental work embraced: 

First.—A practical steam test each kind and grade coal (of which 
there were over 50), under uniform conditions, for period hours. 

Second.—A proximate chemical analysis each kind coal. 

Third.—A calorimetric determination the heating power each 
kind 

The investigations, with some interruptions, occupied the interval 
from July 27th, 1897, April 28th, 1898, the evaporation tests being 
conducted the Hunt Street Pumping Station the City Water- 
Works, and the laboratory work the author’s office the Glenn 
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Building. the physical tests, from 000 000 coal were 
burned continuous trial hrs., and from 168 000 178 000 
water were supplied the boilers. 

The duration the physical tests, hrs., was fixed upon order 
embrace two full watches tricks the engineers, firemen and 
coal wheelers employed the station. All the different kinds coals 
were fired under the same boilers the same firemen, one fireman 
firing during the 8-hour morning watch, and the other during the 
8-hour evening watch, the relative position the men being changed 
the end each series eight tests. 

The coals were burned pair Galloway fire-box boilers, Fig. 
built the Edge Moor Iron Company, Wilmington, Del. These 
boilers had been service the station for ten years prior their 
use for the coal tests, but were excellent order, and during the 
period these tests were used for other purpose. 

The physical tests contemplated the same amount work per 
hour for each kind and grade coal, the amount coal burned 
perform this work varied according its quality. With some 
the inferior coals, especially with this could not always 
accomplished, and the rate steam production was therefore lowered 
slightly admit burning such coals under fair conditions. The 
steam was used operating the pumping engines the station, 
which were under the author’s control, order that the consumption 
steam should keep pace with the rate production adopted for the 
tests. The whole work the station during the interval the phys- 
ical tests was nicely adapted the requirements and conditions the 
coals submitted investigation. 

avoid much possible the furnishing selected samples 
coal for test purposes, the city purchased the coal under the 
formal requisitions the Water Department, and the dealers were 
instance permitted present during, have knowledge the 
results of, the trials. was hoped thus arrive the fair commer- 
cial value the respective coals, and eliminate from the economic 
results the influence samples selected for the occasion. 

The two firemen who stood all watches during the tests were de- 
tailed the Superintendent Water-Works for this special duty. 
All assistance specially required for the tests was furnished from the 
author’s office. 
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HILL TESTS STEAM COALS. 


The two Galloway boilers were each the following dimensions: 
Shell, ft. diameter, ft. long. 
Fire-boxes (2), ft. ins. inside diameter, ft. long. 
Grates (2), ins. wide, ft. ins. long. 
Combustion flue, ft. ins. vertical diameter, and ft. ins. 
horizontal diameter, ft. long. 


Galloway circulating tubes (33), ins. diameter small end, 10} 


ins. diameter large end, ft. 11} ins. long. 

The boilers were set expose about two-thirds the shell 
heating surface. The heating surface one boiler divided 
follows: 

Heating surface, fire-boxes (2) 83.982 sq. ft. 


Heating surface, Galloway tubes (33) 
Rear head 


Two boilers 
Cross-section, Two fire boxes 
Combustion fiue 


Grate surface (2) 
Ratio, heating grate surface 27.50 
Ratio, grate surface flue vent 3.16 
Water surface, one boiler (mean level) ft. ins. wide, ft. 
long. 


Chimney (iron), ins. diameter, high. 


The length the smoke traverse from the front end the grates 
the top the chimney was follows: 


158.21 


October 11th, during Test No. 28, and November 18th, dur- 
ing Test No. 35, tests were made ascertain the time required 
the hot gases flow from the front end the fire-boxes the 


Sheet-iron chimney............ 12.566 
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HILL TESTS STEAM COALS. 


top the chimney. This was accomplished allowing the coal 
the grates burn incandescence, and then throwing into the 
fire-box pint liquid asphaltum and quickly closing the fire- 
door. From these tests, the mean velocities the gases through the 
fire-boxes, flues and chimney were follows: 


Boiler No. 


The Galloway boilers were the only ones the water department 
which were not supplied with some kind fuel-saving device 
appliance which might interfere with uniform treatment 
all coals, and also sufficient capacity admit using the 
coals reasonably large quantities. These boilers, without urging, 
made dry the rate 625 lbs. per hour from feed water 
equivalent 326.90 Commercial the Centennial Standard 
boiler power rating. 

The coal was weighed from the sample lot iron barrows car- 
rying from 250 depending upon the kind coal, and 
was fired directly from the barrows the boilers. The time each 
barrow was fired from was noted, and the unburned coal the 
barrow the end the test was weighed back and deducted from 
the aggregate charge. 

Provision was made, upon receiving sample shipment coal 
the pumping station, store that rain snow should not wet 
it, and each sample was kept separate from the coal used for the 
routine work the station. The tare the iron barrows was taken 
each time one was run out the boiler house empty for new load 
coal, and the net weights obtained were the weights coal 
actually fired from each barrow. 

Previous the beginning each test, the boilers, with clean 
grates, were fired from the sample coal, the steam pressure was 
brought 102 gauge, the temperature the feed water was 


raised 190° (with few exceptions), and the pumping engine 


was started normal speed. This procedure was always observed, 
and occupied usually about two hours. 

When the charges coal the grates, just before starting 
measured test, were longer able maintain the steam pressure 
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under normal conditions engine speed, temperature, and rate 
supply feed water, the signal for starting was given, and for hrs. 
thereafter all notes necessary make physical test the coals were 
taken half-hourly. 

the end each test the last charges coal the grates were 
continued, the beginning, until the steam pressure, with the 
normal speed the pumping engine, could longer maintained, 
when the test was stopped. 

The grates were cleaned, usually, regular intervals, and all ash, 
clinker and unburnt coal was weighed back dry. The firemen were 
constantly under espionage during the tests, and were required 
alert and attentive, without exceeding the care which all times 
should prevail firing coal under steam boilers. 

The water was supplied the boilers through pair 3-in. hot- 
water, Worthington meters, made for the purpose, which were rated 
before and after each series eight tests, and occasionally shorter 
test intervals. The meters were rated under the same conditions 
temperature water and rate delivery during the coal tests, the 
water discharged being weighed tight tank platform scale, 
and reduced volume corresponding the temperature the water 
passing through the meter. The meter tests each series were 
ciently numerous avoid error determining the value the factor 
required reduce the meter reading the true amount water 
delivered the boilers for the previous series coal tests. 

anticipation some criticism the use water meters for the 
measurement water the boilers, the following explanation the 
conditions which brought about their preference tanks and 
offered: 

The pumping station where these coal tests were conducted 
daily service, although usually for shorter length time each day 
than the interval preparation for and test each sample coal, 
and upon the odd days when tests coal were progress, the 
machinery was operated the usual service, and the completion 
each coal test, the house was left such condition that the pumps 
could operated the following morning, taking steam, however, 
from one two three other sets boilers the house, the Gallo- 
way boilers being reserved exclusively for the coal tests. 

The feed pumps and pipes and feed-water heater were common 
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all boilers, but during the test sample coal were devoted exclu- 
sively the test boilers, and all other times such other boilers 
may have been service. This arrangement prevented the usual 
breaking connections the general system feed-water pipes 
the ordinary service boilers, and compelled measurement the 
water the test boilers point the line feed-water pipes 
which would effectually avoid any gain loss water before was 
delivered the test boilers; and such point (on top the boilers) 
the water had passed through the feed-water heater and been brought 
near the boiling point, meters were regarded the only convenient 
means for this purpose. 

The feed pipes from the meters the check valves the Galloway 
boilers were exposed view, and loss joints could have 
occurred without its being promptly noticed; and connections were 
made with these pipes through which either gains losses from other 
boilers might have occurred. Thus all water which passed through 
the meters was delivered without gain loss into the test boilers. 

Recognizing the difficulty satisfactory measurement meter 
the water delivered the boilers, careful tests the meters were 
made previous the coal tests, and frequent intervals during the 
first few tests, until was discovered that the wear the meters fol- 
lowed nearly uniformly varying curve; and determining the 
amount water credited any test, was assumed that the 
wear the meters was uniformly variable between any two successive 
tests the meters, and the gross error was properly distributed 
between the several preceding tests. 

testing the meter for error registry, cu. ft. (by meter) was 
taken for each draft the tank, and usually five six drafts were 
made correct for slight variation rates flow. The error was 
obtained comparison the actual weight water drawn with the 
weight the observed temperature the water registered the 
meter. 

Previous each test and frequent intervals the screws the top 
the meter case were loosened vent any air vapor which might 
have formed the meter, but, excepting upon starting, there was 


seldom any air vent, while the temperature the water 
Fahr.), and the pressure under which the meters were worked (105 
lbs.) precluded the formation vapor from the hot water. 
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The coal were for comparative rather than absolute effects, 
and long the method water measurement was alike for all sam- 
ples, and not subject vagaries phenomena, was considered suf- 
ficient for the purpose. Meter readings were taken and compared 
half-hourly during the whole test each sample coal. 

The water levels each boiler were read from scales attached 
the glass tubes and graduated eighths Any discrepancy 
between the first and last water levels was corrected adding sub- 
tracting the proper volume water reduced weight due the 
temperature the steam and water the boilers the end 
careful management the boiler feeder was often possible 
obtain exactly the same water level the end the test start- 
ing, and during the tests hold the water levels quite close the 
starting point. 

The readings, taken for the two boilers, indicated the depth 
water above the brass nuts the lower ends the glass gauges. 
These nuts were 1.875 ins. below the crowns the fire-boxes, and this 
amount subtracted from the readings the scales gives the depth 
water over the fire-boxes during the respective trials. the tables 
which follow, the water levels are stated the mean depth inches 
over the fire-boxes. 

The steam gauges and thermometers were good make, and were 
compared from time time with standard test instruments, and all 
readings were corrected for errors registry. The quality the 
steam was determined pair Carpenter” throttling steam cal- 
orimeters, obtained from the Schiiffer and Budenberg Company, New 
York. One each these was set the steam outlet the mid- 
length each boiler, the deductions were averaged from each instru- 
ment, and the mean result used computing the water entrained and 
the net steam for each test. 

Calorimetric observations the steam were taken every half hour 
during each test, was early discovered that the condition 
the steam was function the boiler and not the coal, the qual- 
ity being quite the same for good and bad coals, and such variations 
occurred from time time during any test, and from eoal coal 
during the several months test, were attributed variations the 
rate steam flow the pumping engines, and the opening the 
fire-doors the time taking calorimeter readings. 


‘ 
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and steam connections were heavily clothed with non-conducting 
materials prevent loss heat the atmosphere, gain heat from 
the steam pipe the condensing bulb the instrument. 

During these tests over observations were made with the 
steam calorimeters, and these were reduced and carefully studied for 
influence the pumping engines the quality the steam. 


EFFICIENCY THE STEAM. 


With reference the quality steam, this should depend upon 
the type and setting boilers, the rate evaporation per unit 
heating surface, and the manner which the steam taken from 
the boilers. Super-heating surface will required produce dry 
super-heated steam, and lack super-heating surface the 
design setting boilers means steam thermal value lower than 
saturation. The quality steam may slightly affected the 
fuel and firing. low-grade fuel, careless firing, with fre- 
quent opening the fire-doors and the rush cold air into the fire- 
boxes furnaces, may lower the quality the steam and increase 
the amount water entrained. But with coals not varying greatly 
value, and with uniform care firing, the quality the steam 
should function the boilers, the rate which they are 
worked and the manner taking the steam from the boilers. 

the steam delivered steady rate into the atmosphere, 
engine, where there sensible variation the flow for any 
given rate evaporation, the quality should maximum. When 
the delivery steam irregular and subject large and rapid 
variations flow, the quality should minimum. 

the time these tests were projected, was thought that the 
quality the steam would quite uniform for all tests, varying 
inversely with the rate evaporation, and rising and falling slightly 
with the quality the coals; but consideration had been given 
the infiuence the engines the quality the steam. 

The pumping station contains two pumping engines, each the 
same nominal capacity, viz., galls. per hours, delivered 
against net head 310 ft. One these plain compound con- 
densing Worthington engine, and the other (the Niles engine), pair 
non-condensing western river steamboat style engines, coupled, 
with cranks set quarters, and steamboat poppet valves operated 


rocking toes and lifters. The operation the steam valves the 
Worthington engine smooth, and without sensible shock the column 
steam the steam pipe moving from the boilers the engine, while 
the steam valves the other engine are abruptly opened and closed, 
producing, while the valves are open, high velocity the steam pipe, 
and bringing the column steam quickly state rest when the 
poppet valves are closed. Both the opening and closing movements 
the steam valves the Niles engine are rapidly effected quick- 
acting cams, wholly unlike the smooth easy motion the slide valves 
the duplex Worthington engine. 

When the steam was taken from the boilers the Worthington 
engine, the quality was high; and when taken the Niles engine, the 
efficiency the steam dropped from per cent. The fact had 
been observed for some time before the cause was suspected; but the 
uniformly higher quality steam when the Worthington engine was 
service demonstrated that the engine itself had influence the 
quality the steam, and probable influence the economical 
effect the coal. 

the fifty-four tests, twenty-four were made with the Niles 
engine, three partly with the Worthington engine and partly with the 
Niles engine, and one trial was made partly with the Worthington 
engine, and partly blowing the steam through the feed-water 
heater into the atmosphere. The other twenty-six tests were made 
with the Worthington engine. 

With the exception Test No. (which was purposely made partly 
with each engine), changes from one engine the other, the mode 
disposing the steam, were caused accidents, which compelled 
the stopping the damaged engine and the starting the other; or, 
one instance, the wasting the steam into the air for few hours. 

Test No. was made for hrs. mins. with going the 
Worthington engine, and for hrs. mins. with the steam going 
through the feed-water heater the atmosphere. 

Test No. was made for hrs. mins. with the steam going the 
Worthington engine, and for hrs. mins. with the steam going 
the Niles engine. 


Tests Nos. 19, inclusive, were made with the Niles engine. 
Test No. was made for7 hrs. mins. with the Niles engine, and 
for hrs. mins. with the Worthington engine. 
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Tests Nos. 41, inclusive, were made with the Worthington 
engine. 

Tests Nos. 49, inclusive, were made with the Niles engine. 

Test No. was made for hrs. with the Worthington engine, and 
for hrs. mins. with the Niles engine. 

Tests Nos. 55, inclusive, were made with the Worthington 
engine. 

Tests Nos. and been made partly with the Niles 
engine and partly with the Worthington engine, opportunity was 
offered inquire into the influence (if any) the engines the effi- 
ciency the coal. 


Pounds coal per cubic foot 


Number of test. Engine in service. of water supplied to boilers. 


Worthington. 6.549 
Niles. 7.056 
Worthington. 7.182 
Niles. 
Worthington. 
Niles. 6.696 


During the early part Tests Nos. and 50, the Worthington en- 
gine was service, and during the latter part the Nilesengine. During 
the early part Test No. the Niles engine was service, and 
during the latter part the Worthington engine. Considering these tests, 
there distinct, though rough, indication that the engine through 
which the steam was worked had influence the economy the 
several fuels. Comparisons steam, water and coal supplied the 
boilers during intervals the tests when both engines were (at times) 
service, show, instances but one, that the coal per unit water 
was greatest when the Niles engine was running, while the single 
exception the coal per unit water was almost precisely the same for 
each engine. 

The notes from the calorimeters uniformly show lower efficiency 
when the steam was going the Niles engine, and while was 


thought that the loss steam efficiency was probably compensated 
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corresponding increase the delivery water the boilers; but 
careful review and comparison the coal and water supplied the 
boilers when both engines—at different times—were service, show 
that not only was the quality the steam lower, but the coal required 


TABLE No. THE STEAM. 


2 3 
Worthing- 
ton engine 


No. | 

of Coal under test. and to at- 
test 


6 
Worthing- 
ton an 
| Niles en- 
gines. 


Niles en- Worthing- | 


mosphere. gine. engine. 


River, Mine 
See ...| Kanawha, Steam Lump.. 
3....|Kanawha, Gas Lump............ 
5.. Catsburg, Lump.. 

6... Barge Run.. ee 
“ Nut and Siack. 
Woods, 
Barge Run.......|... oe 
Brown, Lump............ 


Nut and Slack..../.......... se 
Cin’ti, Mine Run.......... 
Nut and Slack.....|...... 
Creek, Nut and Slack... |.... 
Pocahontas, Mine Run..... 
inifrede, 
Mine Run. 


Nut and Slack 
Thacker, Mine Run............ 
Campbell’s Creek, Mine Run........ Of (Mean of 
.|New River, Mine Run................ A! 21 to 41, 
Mine 
Monongah, Mine Run................ 
...| Thacker, Lump 
Belmont Splint, Mine 
Nut and Slack 
.../Jellico, Ky., Nut and Slack.......... 
Washed 
Logan Cons., Thacker, Mine Run....|............ 
wd Nut and Slack.. 
Maritime, Thacker, Mine Run. 
Jellico, Ky., Mine Run......... 
Jellico, Tenn., Nut and Slack.. 
New River, Lump. 
51....|Eagle, Mine Run........ bs 
Grove, Mine Run. 


(Mean 
0.9769 Tests Nos. 
0. 7 42 to 49, 

0.9793 0.9797.) 
0 4 
0 1 


Mine Run. 
55....|Coalburg, Mine Run.. 


| | | 
0.9788 
1 0.9794 | (Mean of 
1 0.9821 Tests Nos. 
| 0.9818 3 to 19, 
0.9845 0.9821.) 
= 
19... 
20... 
23... 


HILL TESTS STEAM COALS. 


per unit water supplied the boilers was higher with the Niles 
engine. 

Table No. shows the efficiencies steam for Tests Nos. 50, 
inclusive. Column given the mean efficiency the steam when 
was consumed for the major portion the test the Worthington 
engine, and blown through the feed-water heater into the air for the 
latter portion the test. Column shows the efficiencies 
when the Niles engine alone was working. Column contains the same 
data when the Worthington engine alone was working; and Column 
the efficiencies when the steam was taken for portion the test 
the Niles engine, and for portion the test the Worthington 
engine. 

For Tests Nos. 55, inclusive (Worthington engine), the calori- 
meters were read regularly all previous tests, but, the notes 
simply confirming the results obtained from Tests Nos. 41, 
inclusive, the mean efficiency (0.993) for these former tests was used 
determining the weight water actually converted into steam for the 
last five coals. 

was unfortunate that all coals could not have been tested with 
the same engine taking the steam, but accidents, first one engine and 
then the other, made this impossibility, and recourse must 
had such corrections for the engines the data will warrant. 

will understood that, throughout the tests mentioned, when 
first one engine and then the other was used work off the steam made 
the test boilers, the same coal was burned, and when comparisons 
are made the influence the engines the coal required per unit 
water, coal always the same commercial quality under con- 
sideration. 

Considering the New River coals, which were tested first (Test No. 
1), working the steam for nearly hours through the Worthington 
engine, and then for over hours through the feed-water heater the 
atmosphere; next (Tests Nos. and 35), when the Worthington engine 
used the steam for the whole each test; and finally (Test No. 49), 
when the Niles engine used the steam for the entire trial, appears 
that the efficiency the steam varied perceptibly under these different 
conditions use, and that while the boilers, firemen and fuel were not 
changed, the change the manner using wasting the steam had 
influence its quality. 


I 


Steam press- Efficiency, saturated 
Kind coal. ure. |Disposition steam being taken 
pounds. unity. 


..|New River, Mine Run.. 100.5 To Worthington en- 
feed-water heater, 
4 hrs. 14 mins | 
River, Mine Run.. 101.4 


|New River, Lump 


..|New River, Lump 


this comparison appears that the efficiency the steam was 
higher when the Worthington engine was used than when the 
Niles engine was used, and avoid prejudice any coal investigated 
during these tests, the author concluded that careful study all the 
conditions and data warranted the assumption that the extreme varia- 
tions the efficiency the steam were not due either the kind 
grade coal burned, but the manner using the steam from the 
boilers, and that for purposes comparison the coals should rated 
upon uniform efficiency the steam. 


CONDITION THE 


The tests were made with the boilers ordinary condition, and 
the end each series three four tests, the boilers were opened and 
all loose washed out. The feed water was passed through 
Excelsior filter and feed-water heater, which intercepted the mud and 
heavier suspended matter before reached the boilers. each 
periodical washing amount loose scale and fine silt was re- 
moved from the circulating tubes and the bottom the boilers. After 
Test No. the boilers were opened and the small amount scale 
found was carefully chipped and scraped off the surface the 
metal. Test No. was then made, value which had 
been previously established during Test No. with the boilers 
ordinary condition. 

Assuming that Test No. represented the boilers the condition 
for all coals tested, while Test No. represented the boilers the best 
possible condition, Table No. shows the comparison effects for 
these two tests. 


| | | 
Test 
No. 
0.9898 
0.9983 
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THACKER, Coat). 


Number or Test. 50 


Duration of test. 16 hrs. 00 mins. 15 hrs. 41 mins. 


Steam per pound coal from and Fahr, 


Steam per pound combustible from and 212° 

Percentage of 92,707 93.993 
Increased percentage combustible (second test 

Apparent gain in economy by coal. Percentage. . 3.650 
Net gain economy coal. Percentage........ 
Gain economy combustible. Percentage.... 2.220 


From this comparison appears that the difference between the 
performance given coal with the boilers very carefully cleaned, 
and with the boilers ordinary working condition, was about 2}%, 
amount which the economic and capacity results obtained with 
each coal may increased show the possibilities these several 
coals with perfectly clean heating surfaces and ordinary firing. 


Coat SAMPLES. 


Fifty-four samples coal were tested, follows: 


Fourteen samples Pennsylvania (Pittsburg) coals. 
Thirty-three samples West Virginia coals. 

Four samples Ohio (Hocking Valley and Jackson) coals. 
Two samples Kentucky coals. 

One sample Tennessee coal. 


The Pennsylvania coals were follows: 


Four samples from the Brown Mines, Nos. and 11, Second 
Pool, Monongahela River. 

Four samples from the Catsburg Mine, No. 47, Third Pool, 
Monongahela River. 

Two samples from the Cincinnati Mines, Third Pool, Mononga- 


hela River. 
Four samples from the Woods Mine, No. 75, Fourth Pool, 
Monongahela River. 
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The West Virginia coals were follows: 
Four samples from New River, Mines Nos. 80, inclusive, 
Fayette Co. 
Three samples from Loup Creek, Mines Nos. 87, inclusive, 
Fayette Co. 
Two samples from Pocahontas, Mines Nos. 140, inclusive, 
and Mercer Counties. 


One sample, Kanawha steam coal from Mine No. 47, Kanawha Co. 

One sample, Kanawha gas coal from Mine No. 102, Kanawha Co. 

Two samples, Acme coal from Mine No. 24, Kanawha Co.* 

One sample, Keystone coal from Mine No. 23, Kanawha Co.* 

Three samples, Winifrede coal from Mines Nos. 14, 17, and 
19, Kanawha Co. 

Four samples, Thacker coal, Mingo Co. 

One sample, Logan Consolidated Thacker coal, Mingo Co. 

One sample, Maritime Thacker coal, Mingo Co. 

Two samples, Campbell’s Creek coal from Mines Nos. 
inclusive, Kanawha Co. 

One sample, Monongah coal from Mines Nos. inclusive, 
Marion Co. 

One sample, Eagle coal from Mine No. Kanawha Co. 

One sample, Cedar Grove coal from Mine No. 27, Kanawha Co. 

One sample, Mt. Carbon coal from Mines Nos. and 49, 
Fayette Co. 

One sample, Chesapeake coal from Mine No. 36, Kanawha Co. 

One sample, Coalburg coal from Mine No. 21, Kanawha Co. 

Two samples, Belmont Splint coal from Mine No. 32, KanawhaCo. 


The Ohio coals were follows: 
Two samples, coal from Mine No. (Daleton), Athens Co. 
Two samples, Wellston Shaft coal from Mine No. Jackson Co. 
The Kentucky coals were follows: 
Two samples from the Jellico Mines Whitly Co. 


The single sample Tennessee coal was from the Jellico Mines, 
Campbell Co. 


The sketch map (Fig. indicates the geographical location the 
various coal fields from which the test samples coal were obtained. 


These coals represent two separate and distinct veins. 
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each instance the samples coal were ordered from the agents 
mine owners quantity sufficient for the preliminary firing the 
boilers and for the 16-hour test which followed, and each agent mine 
owner was required furnish with the sample coal sworn state- 
ment the source and market grade coal supplied. While this 
may not cases have prevented the substitution coal from one 
mine for that another, put the coal men their honor supply 
the kind and grade coal ordered the city for test purposes. 

The importance these tests Cincinnati will appear when 
known that the City Government alone purchaser over $80 000 
worth coal annually, and the value the entire consumption coal 
for all purposes the city the present time cannot less than 
500 000 per annum. 

The most extensive series physical tests coal under uniform 
conditions, previous these, which the author aware, were 
made for the United States Navy Professor Johnson, 1842 
and 1843. These comprised physical and chemical examinations, and 
calorific determinations the Berthier method, forty-four different 
samples coal. view the very large quantities coal burned 
and water evaporated during each the author’s trials, amusing 
read from Professor Johnson’s report, his description the magni- 
tude these earlier (physical) trials for the Navy: 


total weight coal consumed the trials evaporative 
power has been nearly 62.5 tons, and the weight used average 
978 lbs. per trial. This statement may sufficient indicate that 
the experiments been made scale unobjectionable the 
score magnitude.” 


Presuming that few members the Society have any knowledge 
these earlier coal tests Professor Johnson, will interesting 
note that the experiments were conducted with single 
return-fiue boiler, ft. ins. diameter and ft. long, with two 
return flues the full length the boiler, each 10ins. diameter. The 


air support combustion was heated before passed under the grate, 
flues built the side walls the boiler setting, and the gases 
combustion passed from the grate backward under the shell the 
boiler, thence through the flues the front end the boiler, thence 
the rear end the boiler through flue the brickwork the 
left side above the fire line, and thence forward through similar flue 
the right side the setting, the base the brick chimney, set 
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HILL TESTS STEAM COALS. 


the front end and the right the boiler. The chimney was 
brick, ft. high from ground level, with fiue ins. square, and 
sheet-iron extension ft. high and ins. diameter. This boiler 
was worked average lbs. per square inch above 
atmospheric pressure—the pressure never being less than 5.8]bs.—and 
upon two occasions only, during this long series trials, the pressure 
was raised 15.65 and 19.16 steam was blown 
through two direct-weighted safety valves, into the atmosphere 
into the chimney. 

Considering the low steam pressures used, and the moderate rate 
evaporation per unit heating surface, the capacity this old- 
style boiler during the coal tests was about Commercial 


the following tables giving the résumé each test, the coals 
have been grouped States, and the several grades each kind 
coal tested are brought together for comparison economic results. 
The favorite grades steam coals are Mine Run and Nut and Slack, 
with extensive use Slack coal for mechanical stokers. The 
prices the coals grade downward from Screened Lump Slack, 
and constantly problem with buyers large quantities coal 
determine which grade given prices will represent the best 
economy. Each grade coal has its advocates among buyers. 
spite the millions tons graded coals which have been burned 
western river steamboats, matter controversy among 
river men whether Mine Run Screened Lump coal, the prices 
usually charged, the cheaper coal for steam purposes. 

customary when burning low-grade bituminous coals wet 
the coal slightly before charged into the furnace. With many 
such coals, this preliminary wetting causes the smaller particles 
adhere together until sufficiently heated make coke, and prevents 
the usual sifting these particles through the grates into the ash- 
pits with corresponding loss useful effect; and the coal not 
too dirty, often possible this method obtain quite 
economical results with Slack with Nut and Slack coal. Owing 
the difficulty determining just how much water each particular 
kind coal might take without positive injury its efficiency, dur- 


ing these tests, the low-grade coals were always fired without pre- 
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liminary wetting, and from the dealers’ point view, the coal should 
valued without regard subsequent treatment the buyer. The 
coals, therefore, all cases were burned the same condition 
supplied the station the dealers mine owners. 

Previous each trial, 100 lbs. coal was taken from the sample, 
and put into wooden box perforated the top, bottom and sides, 
allow free circulation air around and through the coal, and 
placed one the steam manheads the boilers dry the coal 
and obtain factor for estimation the superficial moisture con- 
tained. the end the test this box and sample was returned the 
seale, and any loss weight was taken the excess moisture 
the coal. The losses estimated this manner ranged from 


“7/09 
and have been allowed for in-the item dry coal 


burned.” 

The results given the tables are case supposed indicate 
the best possibilities with these coals. The firemen were perhaps the 
best regularly employed the City Water Department, and carefully 
and faithfully performed their duties during these tests, but 
attempt expert firing was permitted, the men being directed only 
give uniformly good service throughout each and every test. 
extra help was furnished for handling the coal, and whole, the 
results are better than good firemen should obtain steady ser- 
vice from day day, with the same coals. The author regards the 
results obtained this method handling the coal more satis- 
factory the buyers and users coal than those which might have 
been obtained expert firemen with assistants open and close the 
fire doors, and amount labor which men could not maintain day 
after day. 

Referring Tables Nos. 11, inclusive, when the duration 
(1) six instances, was few minutes more less than 
hours, this was occasioned the steam pressure water levels the 
boilers being too high too low, the condition the charges 
coal the grates, which compelled earlier later stopping the 
respective tests. each test attempt was made restore the start- 
ing conditions steam pressures, water levels, fires grates and 
speed pumping engine the expiration hours test, and with 
the exceptions noted, this was The steam gauges 
(2), and thermometers (6), (7), (9), were compared for each test with 
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standard instruments. temperature the waste gases the 
chimney (4) was taken with Brown hot-blast pyrometer, which was 
adjusted before each test standard mercury thermometer. 

dry coal” (10) means the actual weight coal 
fired the boilers, reduced the amount moisture lost asample 
100 Ibs. carried for hours perforated box top the boilers. 
This does not represent the moisture found chemical analysis the 
coal samples, but the wetness exposure the weather barges 
and railway cars. During the hot, dry weatherof August and Septem- 
ber, 1897, but few the coals showed any loss when placed the box 
over the boilers. The conditions with reference determining the 
percentage amount dry coal were alike for all coals. The ash, 
clinker and refuse from the ash-pits (11) all instances was weighed 
back dry. 

Coal which fell into the ashes from the firemen’s shovels was picked 
out and burned, and, except during the first three four tests, but 
few pieces unburned partially coked coal were found among the 


ashes. 


The Wellston shaft coal, used during Tests Nos. and 45, made 


very light feathery ash, much which was carried over the bridge 
walls the draught through the fire boxes while the fires were being 
broken and cleaned. 


The water supplied the boilers (13) represents the water 
meter, corrected for error, and reduced weight for observed tem- 
perature feed water (9). The the steam” (15) 
obtained dividing the average thermal value the steam calori- 
meter, the total heat saturated steam the observed pressure. 
This takes into account the heat the entrained water well 
that the saturated steam, and credits the coal with the whole work 
done the boilers; and since these tests were for relative coal effects, 
and not boiler effects, seemed the author entirely proper credit 
each coal with the whole heat accounted for the steam calorimeters. 

The net water converted into steam” (16) the water supplied 
boilers (13) multiplied the the steam” (15). 
the efficiency recognizes small amount heat the water en- 
trained the steam (14), the term net water converted into steam 
therefore not strictly correct. 


reducing ‘‘steam per pound coal” (17) combustible” 
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(19) from temperature feed,” per pound coal” (18), 
(20), and 212° Fahr.,” the divisor 996 
instead 965.7 was used. The remaining captions will require 
explanation. 

While the physical results from the different coals are properly 
comparable with each other, they are not comparable with the results 
obtained from the same coals under other conditions boilers, fur- 


nace, firemen, etc. (This remark, course, does not apply the 


proximate analyses and determinations thermal value, 
which will referred hereafter.) 

The evaporative results from and 212° Fahr. Test No. (Table 
No. 9), and Tests Nos. 55, inclusive (Table No. 10), have been 
corrected agree with the data Table No. correspond with the 
first forty-nine tests, all which were made prior the careful scal- 
ing the boilers. 


° 
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TABLE No. 


steam pressure, 


3) ** depth of water over fire boxes, ins. 

4,“ temp. of waste gases, Fabr.......... 

5| “ draft, gauge in chimney, ins.................| 
temp. air during test, Fahr................ 


temp. feed water, Fahr... 
Commercially dry coal burned, 
11/Ash and clinker, weighed back dry Ibs 
Percentage of non-combustible, .... 
Water supplied boilers test, 


PittssuRG—Brown, SECOND 


PiITTsBURG—CATSBURG, THIRD 


be Water entrained in the steam, corrected #4 % 
15 Efficiency of the steam, corrected.......... 
16| Net water converted into steam, Ibs..............- 
per Ib. coal from temp. feed. 
18 Steam per Ib. of coal from and at 212° Fahr., Ibs. | 
20,Steam per lb. of combustible from and at 212°! 
21 ‘7. per sq. foot of heating surface, per hour, | 
22,Coal per sq. foot of grate surface, per hour, ibs’ | 
23 Relative e iciency on combs. 


24| Relative efficiency on combustible............... 


Sept. 1, ‘97. Sept. 8, 97. Sept. 3, °97./Sept. 10,°97. 
hrs. hrs. hrs. hrs. 

5 582 5.767 5.541 | 5.480 
645. 156° 603 .950° 647.047 609.470?) 
0.457 0.425 0.454 0.460 
80.141° 81.187° 73. 953° 82.040° 
7.657° 11.312° 9.984° 12.310° 
29.534 29.666 29.732 29.711 
196. 828° 196.856? 196 .220° 194. 780° 
20 166.00 | 20 087.00 | 21 413.00 | 21 623.00 
1 125,00 1 200.00 1 914.00 1 878.00 
5.579 5.989 4.987 8.685 
173 117,301 |173 150.484 171 861.891 |173 637.407 
0.965 0,965 0.5 0.965 
0,998 0.993 | 0,993 0.993 
171 905.480 171 938.431 |170 658.858 |172 421.945 
8.524 8.581 7.970 7.97 
9,004 9.064 8.424 8.439 
9.028 9.128 8.752 8.732 
9.587 9.642 9.251 9,241 
5.397 5.398 5.358 5.413 
17.408 17.297 18,484 18.666 
0.881 0.887 0.825 0.826 
0,885 0,895 0.859 0.858 


| 


Aug. 9, ‘97./Aug. 11, °97.| Aug. 13, Aug. 16, 
hrs. hrs. hrs. hrs. 

103.109 101,500 101,656 101.023 
6.906 6.983 6.672 6.211 
675 .010° 736 .150° 733 707.980 
0.371 0.444 0.411 0,422 
80 360° 75. 580° 77 .281° 72,0942 
9,340° 9 635° 12.336° 8.406° 
29.400 29.360 29.548 29.436 
194.400° 198 .547° 194.105° 196 .210° 
19 441.00 | 20 805.00 | 21 345.00 | 21 823.00 
1 262.00 1 469.00 1 922.00 2 186.00 
6.491 7.061 9.004 10.017 
170 561.758 |173 805.131 |172 922.832 171 080.318 
0.965 0.965 0.965 0.965 
0,993 0.998 | 0.993 0.993 
169 367.826 |172 588.495 171 712.372 |169 882.756 
8.712 8.295 8.045 7.785 
9.22 8.790 8.52 8.227 
9.317 8.926 8.841 8.651 
5.317 5.419 5.391 5.334 
16,783 17.960 18.426 18.839 
0.908 0.860 0.834 0,805 
0,916 0.878 0.869 0.849 
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TABLE No. 


< Number of test .... a 17 18 9 10 il 12 
8 Date of test ....... Sept. 14,°97. Sept. 16,°97.|| Aug. 20, 97. Aug. 23,°97./ Aug. 25,°97.| Aug. 27,'97. 
8, depth of water over fire boxes, 5.607 | 5.717 5.779 5.876 5.562 5.234 
fy 5) “ draft, gauge in chimney, ins...... 0.444 0.455 0.427 0.450 0.451 0.444 
& 11| Ash and clinker, weighea back ary, ae 1 272.00 1 508.00 | 1 961.00 | 2 057.00 2 010.00 2 210.00 
12|Percentage of non-combustible, % 6.103 7.183 || 9.471 9.634 9.801 10,330 
13) Water supplied to boilers during test, /171 998.332 172 904.860 |/172 403.533 151.440 |174 518.825 453.538 
per Ib. coal from temp. feed, 8.196 8.206 8.268 8.053 8.450 8.005 
joo) 18|Steam per lb. of coal from and at 212° Fahr., Ibs. ... “ae 8. 673 8.672 8.735 8.519 8.933 8.452 
20|Steam per lb. of combustible from and at 212° Fahr., Ibs............ ...... 9. 237 9.344 9.648 9.426 9.903 9.426 
21/Steam per *. foot of heating surface, per hour, Ibs..... _ 5.362 5.391 5.875 5.398 5.407 5.877 
22/Coal per sq. foot of grate surface, per hour, Ibs. ................. ae 17.990 18.061 17.875 18.482 17 593 18.468 
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TABLE No. Coats. 


2\Av. steam pressure, lbs............. 
depth water over fire boxes, 
4\|Av. temp. of waste gases, Fahr..... 
5| ‘* draft, gauge in chimney, ins.... 
temp. air during test, 
9} temp. of feed water, Fahr...... 
dry coal burned, Ibs. 
11|Ash and clinker, weighed back 
12|Percentage of non-combustible, 
supplied boilers during 
test, 
14| Water entrained ia the steam, cor- 
16|Net water converted into steam, lbs. 
per Ib. coal from temp. of| 
18|Steam’ per Ib. of coal ‘from’ ‘and ‘at! 


Steam per Ib of combu tible ‘from| 
temp. of feed, Ibs.... 
per combustible from 
and at 212° Fahr., lbs..... ape 
per sq. foot heating sur- 
22/Coal . foot of grate surface, | 

23) Relative efficiency on coal 
a4 Relative efficiency on combustible..| 


Nov. 18, °97. 


New River. 


16 hrs. 
101 ,336 


5.671 
622 . 656° 
0.496 
42.027° 
4, 930° 
29.935 
192.172° 
19 865.00 


7.017 


173 195.866 
0.965 
0,993 

983.495 
8.657 
9.186 
9.310 
9.879 
5.400 

17.149 


0.899 
0.917 


Lump. Mine Run. 
Dec, 21, ‘97. July 27, °97. 

100,906 100,485 
5.599 7.508 
0.486 0.375 
9.110° 
29.487 29.400 
795.00 608,00 
171 060.585 400.556 
0.965 
169 863.161 193.752 
9.174 9.261 
9.707 
9.586 
10.148 
5.319 
15.590 15.794 
0.950 0.963 
0,942 


Mine Run. 
31 


Nov. 8, | Oct. 97, 


16hrs. | 


5.662 


521.720") 


0.421 


29.153 

184.918° 


841.00 
4,318 


687.419 
0.965 
0.995 

174 
8.958 
9.572 
9,368 

10.005 
5.477 
16.811 


0.987 
0,929 


16 hrs. 


5.498 
637 .562° 
0.468 
60.687° 

8. 206° 


29.582 


346.00 


178 


0.965 
0,998 


177 321.394 


10.215 
10,060 
10.683 

5.567 


15.837 
1,000 


Loup CREEK. 
Mine Run. Slack. 

Sept. 20,°97. Sept. 22,97. 
16 hrs. 16 hrs. 

5.728 5.679 
0.527 
29.621 

851.00 

167 

0.965 

0.998 

173 166 
| 
8.279 8.308 
8.759 8.776 
8.630 8.719 
9.216 
5.484 

0.857 

0.848 


0.987 


PocAHONTAS. 
Lump. Mine Run. 
26 22 
Oct. 5, 97. | Sept. 24,'97. 
hrs. hrs. 
101,402 101.500 
5.548 5.516 
625 969° 2. 719° 
0.443 0.460 
71.617° 68 
10.865° 11, 250° 
29.523 29.620 
18 123.00 | 18 821.00 
318.00 
7.002 
771.676 
0,965 
0.998 
[167 590.274 
9.408 8.904 
| 
9.428 
10.017 9.575 
10.608 10.188 
| 
5.853 5.262 
15.645 | 16,247 
0.975 | 0.922 
0.941 
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TABLE No. 8.—Wesr 


Grade coal...... 
Number of test.. 
Date of test........ 
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|Av. steam pressure, Ibs................ 
depth of water over fire boxes, ins.. 

‘“* temp. of waste gases, Fahr......... 
dra’ gauge in chimney, ins... 
‘* temp. of air during test, Fahr. 
temp. feed water, 
Commercially dry coal burned, Ibs............ 


KANAWHA | KANAWHA 


Gas. ACME. 
Lump. Lump. fine Run. Slack 


KEYSTONE. WINIFREDE. 


Mine Run. 


16 hrs. | 16 hrs. 


./16hrs. 11 m.|16hrs. 4m. | 
102.934 102.370 101.812 102.195 
6.856 | 5.629 5.682 


0.488 | 0.487 


11 Ash and clinker, weighed back dry, Ibs.........| 1 822,00 2 653.00 1 171.00 1 786.00 
Water entrained in the steam, corrected, 2 ‘ 0.965 0.965 | 0.965 0.965 
17|Steam per lb. of coal from temp. of teed, Ibs... 8.673 8.078 9.027 8.579 
Steam per lb. of coal from and at 212° Fahr., | 
9.280 8.620 | 9.566 9.066 
Steam per Ib. ‘combustibie from temp. 
Steam’ per lb. combustible from and 212° 
Steam per sq. ft. heating per 
22 Coal per *. ft. of grate surface, per hour, ibs.. a 16.914 18,262 || 16.618 17.62% 
Relative efficiency on combustible.............. 0.923 0.915 | 0.946 0.922 


545.547°, 559. 766° 


173 181.799 
0. 


. |Nut& Slack 
25 
Oct. 1, °97. 


194,742° 


176.00 


2 874.00 
12,960 


175 974.437 


0.965 
0.993 


174 742.616 


7.889 
8.341 
9.053 
9.583 
5.486 
19.144 


0.816 
0.890 
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TABLE No. 9.—Wesr 


Logan 
THACKER. Cons. CAMPBELL’sS CREEK. 


THACKER, 


Lump. Mine Run.| Mine Run. |Nut Mine Mine Run. Mine Run. &Slack 


2) Av. steam pressure, lbs................ 101,919 101.766 101.37 101.504 101 ,602 | 102.000 
depth water over fire boxes, ins. 5.266 5.701 5.571 
temp. of waste gases, Fahr......... 544.274° 567.281° 456 589 .516° 568 .047° 646.187° 
draft, gauge chimney, ins. 0.458 0.432 0.452 0.470 0.453 
dryness of air Kahr. 2. 726° 4.836° 2.539° 9.953° 2.367° 8.531° 
barometer sad * ins... 29.567 20.187 29.417 29.808 | 29.272 | 29.518 
temp. of feed water, Fahr.................. 193 .450° 195. 862° 192.699° | 197 ,240° 196 .667°;, - 1€4,412° 195, “659° 195.7387° 
11 Ash and clinker, weighed back dry, ee 1 028.00 1 464.00 2 174.00 1 294.00 851.00 | 1 570.00 2 078.00 
12 Percentage of non-combustible, % ............. 5.467 7,293 | 10.704 592 4,287 7.609 9.085 
13) Water supplied to boilers during test, |b: 169 077.320 |179 581.271 |176 216.941 |175 119.744 171 925. 522 |/174 899.655 ||175 386.942 |172 087.652 
14| Water entrained in the steam, corrected °%... 0.965 0.965 0.965 0.965 0.965 0.965 15 
15|Efficiency of the steam, corrected............. 0. 993 0.983 0.993 0.993 Me 0.993 
16|Net water converted into steam, Ibs..... 167 898,779 |178 324.202 (174 983.422 173 893.906 | 170 126.2 174 104.618 
17\Steam per lb. of coal from temp. of feed, lbs... 8.929 8.883 9.179 | 8.562 || 8.607 8.438 


18|Steam per Ib. of coal from and at 212° Fahr., 
9.464 9.735 9.040 8.924 


(Corrected), ... (9.521) | 


20/Steam per lb. of combustible from and at 212 
10,011 10.132 10.357 10.124 | 9.804 9.679 9.659 


5.460 5.341 5.458 5.466 


per sq.ft. heating surface, per hr., 5.441 5.599 
17.533 i 17.187 17.812 | 


(5.482) 

22|Coal per sq. ft. of grate surface, per hour., lbs. 756 17,329 16.677 
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CEDAR | Mr. CHESA- 
|— 
| 


Grade of Coal...........cccccccceeeeccecteeeeseeeeseee| Mine Run, | Mine Run. | Mine Run. Mine Run. | Mine Run. | Mine Run. | Mine Run. | Nut& Slack 
39 


| 


2| Av. steam pressure, Ibs.............- 101.625 97.949 99.254 100.308 100 62! 100.441 102.004 101.406 
=> Hl * draft, gauge in chimney, ins................... 0.424 0.390 | 0.458 0.458 0.458 0.454 “0.495 0.462 
| & y 
7| “ dryness ofair -844° 5. 844° 6.984° 6, 985° 4.984° 2.578° 
9) temp. of feed water, Fahr..... 193.421 198 .382°, 196 432 194.630 192.549 195.304 194 627° | 198.516 
11 Ash and back dry, lbs............| 1 375.00 1 622.00 1 1 1 376.00 1 661,00 2 
13| Water supplied boilers during test, 170 602.293 169 968.583 985.900 036.184 |176 043.283 437.084 
14 Water in the steam, % 0.965 0.965 0.965 0.965 
15| Efficiency of the steam, corrected....... 0.993 | 99% 0.998 0.998 0.993 0.993 
° 16| Net water converted into steam, Ibs......... 169 408.077 168 591,150 |167 785.803 |166 809.999 164 873.931 |174 810.980 |173 216.024 
per coal from and 212° Fahr., 9.24 9.121 8.939 8.730 8.152 
per Ib. combustible from temp. feed, 
(9.874) (9.841) (9.576) (9.326) (9.406) 
| (Corrected). . (5,202) | (5.177) (5.152) (5,122) (5,062) 
22,Coal per sq. foot of grate surface, per hr., lbs... ‘| 17.679 16,667 16.052 16.802 16.942 16.839 18.278 19.437 
23| Relative efficiency on COal 0.875 0.885 0.917 0.873 0,863 0.856 0.855 0.799 
24 Relative efficiency on 0.890 0.917 0.914 0.889 | 0,866 0.873 0.881 0,861 
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TABLE No. 11. 


Number of test. 


RiAv. steam pressure, Ibs........ 

8 depth of water over fire boxes, 
temp. waste gases, Fahr............ 
5| draft, gauge in chimney, 
6| “* temp. of air during test, Fahr..................... 
dry coal burned, 
11|Ash and clinker, weighed back dry, Ib- 

12| Percentage of non-combustible, %....... 

13| Water supplied to boilers during test. Ibs. 

14| Water entrained in the steam, corrected 


15| Efficiency of the steam, corrected. ... 
16| Net water converted into steam, Ibs......... 
17\Steam per Ib. of coal from temp. of feed, Ibs. . 
18|/Steam per lb. of coal from and at 212°, fahr.. Ib 
per combustible from temp. feed, 
20|Steam per Ib. of combustible from and at 212° Fahr.., 
21) Steam per sq. foot of heating surface, per hour, lbs. . 

22|Coal per sq. foot of grate surface, per 
23 | Relative efficiency on coal............. 


24) Relative efficiency on 


Ibs 


172 


LuHRiG-WASHED. 


WELLSTON-SHAFT. 


16 hrs. 
102 
5.676 
565.860 
0.479 
87 .125° 
4,250° 
29.606 
192.606 
211.00 

1 611,00 
6.941 
338 

. 993 

171 121. 

7.372 
7820 
7.922 
8.404 

5.37% 
20.087 
0.765 
0.780 


Slack. 
43 
Dec. 6, 


16 hrs. 
101.539 
5.588 
612.578 
0.479 
852° 
2.498° 
20.47% 


5. "114 
170 140.308 
0.965 
0.993 
949.321 
6. 884 


Mine Run. 


16 hrs. 


52 .344°) 


22 251.00 
665.00 
189 


169 490.556 
7.617 
8.053 
8.301 
5.321 


19.209 


JELLICO—KENTUCKY. 


JELLICO- 
TENN. 


Nut& Slack 
45 
Dec. 10, 


hrs. 
100,867 
5.689 
52. 188°) 
0.479 
61 .516° 


195. 17 6° 
23 475.00 
1 104,00 
4.708 


160.625 


0.965 
).993 
167 976.501 
7.156 
7.57 
7.509 
7.948 
5.274 
20,265 
0.741 
0.737 


| 


Mine Run. 
47 


15, 


16 hrs. 
101.454 
5,521 


613. 906° 


0.497 


42.914° 


2. 875°) 


9,512 


20 283.00 


174 695.068 
8.613 
9.115 
8.912 
9.431 
5.485 

17.509 
0.892 
0.876 


| 


Nut& Slack 
97. 


y. 29, 


16 hrs. 
102.234 


5.830 


581.250° 


0.506 
34.234° 
3.867° 
29.870 
194 160° 
23 159.00 
2 441,00 
10.540 


|171 270.734 


0,965 
0.998 


071,839 


Mine Run. 
48 
Dec. 17, 


16 hrs. 
101,484 


1.797 
20667 
197. 505° 

21 147.00 

662.00 
8.130 
175 901.457 
0.965 
0.993 


\174 670.147 


8.260 
8.719 
8.52 
9.001 
5.484 
255 


0.853 
0,836 
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The relative efficiency the several coals, coal (23), and 
combustible (24) are based upon the highest evaporation obtained dur- 
ing the tests per pound coal combustible from and 212° Fahr. 
standards, and the factors for multiplying the prices which the 
several coals may offered are, course, the reciprocals these 
efficiencies. Thus, the coals mentioned Table No. were offered 
the prices per ton annexed, then column contains the deduced 
prices, obtained the manner described. 


TABLE No. 12. 


Deduced price 


| Dealers’ price 
Kind of coal. | | for comparison 

Pittsburg, Brown, Second Pool, Mine Run.,.......... $1.50 $1.82 
Pittsburg, Catsburg, Third Pool, Mine Run............ | 1.75 2.10 
Pittsburg, Woods, Fourth Pool, Mine Run............ 1.60 1.83 
New River, Mine Run............ 1.64 1.73 
Wellston Shaft, Mime 1.90 2.41 


Upon these prices, New River coal would offered the lowest 
cost the steam user. 

The reciprocals the efficiencies based coal also show how 
much more than the standard will required any the coals 
tested agiven amount work. 

The economic and capacity results the Pennsylvania coals are 
shown Table No. 13. 

The relative values the grades Second Pool coal noted the 


table, from the dealers’ point view, are about follows: 


Nut and Slack.......... 


The grades coal show differences value the buyer steam 
user follows: 


- 
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TABLE No. 13.—Economic witH PENNSYL- 
VANIA COALS. 


| STEAM FROM AND 


| r 
of coal. bustible, | hour. 
| | | 
138.. Pittsburg, Brow n, Second Pool, wae 4 ere 9.004 9.587 5.397 | 17.408 
Barge Run..| 9.064 9.642 5.898 | 17.297 
Mine Run.. 8.424 5.358 18,484 
16.. Nut and 
Slack...... 8,439 9,241 5.413 18.666 
Pittsburg, Catsburg, Third Pool, 9.227 9.868 5.317 | 16.783 
6.. Barge Run; 8.790 9.459 5.419 | 17.960 
“ Mine Run. 8.521 9.364 5.391 18.426 
8, N u t a n d 
Slack.. 8.227 | 9.148 5.38384 18.839 
me Pittsburg, Cincinnati, Third Pool, Mine Run| 8.673 9.237 5.362 | 17.990 
18... Nut and | 
Slack. . 8.672 9.344 5.391 | 18.061 
Pittsburg, Woods, Fourth Pool, Lump...... 8.735 9.648 17.875 
10.. Barge Run. 8.519 | 9.426 5.398 | 18.432 
Mine Run.,. 8.933 9.903 5.407 17.598 
12.. Nut and 
eames | 8.452 9.426 5.377 | 18.468 


With this coal appeared that there was superiority Lump 
over Barge Run coal, while Mine Run and were less than 
63% inferior economy Lump coal; and Nut and Slack coal for 
steam purposes, the prices usually asked, was superior Lump coal 
while one dollar’s worth Second Pool, Lump coal fur- 
nished 290 steam, one dollar’s worth Nut and Slack coal 
furnished 983 steam, and one dollar’s worth Mine Run coal 
furnished 232 lbs. steam. 

The Third Pool coals, for the different grades, have the following 
relative mean values: 


The Fourth Pool coals have the following values for the different 
grades: 


HILL TESTS STEAM COALS. 
Coats. 

} | | 
| STEAM ROM AND 8 
square 
at | | ‘oot 
Test | Kind of coal. | Per foot of | of grate 
No. Per und of heating | surface 
| Pounds. | Pounds. | Pounds. | Pounds. 
| 
New River, 9.186 9.879 5.400 17.149 
27....| Loup Creek, 10.215 | 10,638 5.567 15,837 
Mine Runt...... 8.759 9.130 5.434 18.048 
26 ---|Pocahontas, -| 9.958 10.608 5.353 15.645 
9.423 10,133 5.262 16.247 
Kanawha, Steam Lump................. -| 9.280 | 9.948 5.385 16.914 
| 8.620 | 9.854 5.340 18.262 
34....|Keystone, Mine Run. 8.818 | 9.688 5.472 18.118 
Lump..... 9.211 9.908 5.398 17.041 
Mine 8.591 9.110 5.369 18.181 
25. = Nut and Slack........... 8.341 9.583 5.486 19.144 
9.464 10.011 5.441 16.756 
28....| 9.392 10,132 5.599 17.329 
42.,.., Logan Consolidated, Thacker, Mine Run..| 9.158 9.804 5.341 | 16.944 
Maritime, Thacker, Mine 9.264 9.679 5.458 
ah, Mine Run............. 8.939 5.423 17.679 
52....|\Cedar Grove, Mine 9.365 9.841 5.177 16.052 
53,...|Mount Carbon. Mine Run.................. | 8,920 9.576 5.152 | 16.802 
Belmont Splint, Mine Run.... 8.780 9.485 5.488 18.278 
Nut 8.152 9.273 5.438 19.437 


From MacDonald Mine. 
From the Dunn Loup Mine. 


examination these figures shows two things: 


First.—That the opinion hitherto generally accepted Second 
Pool, Monongahela River coal being markedly superior the coals 


obtained from the newer Pittsburg mines farther the river, not 


sustained the results these tests. 


Second.—That the prices usually asked for the higher grades 
these coals are not warranted for steam purposes; that Mine Run and 


Nut and Slack coals ure far the most economical coals, and that they 


can sold upon narrower discounts from Lump coal prices and still 


the most profitable 


buyers steam coals. 


q 
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Referring briefly the economic results per pound combustible, 
will noticed that there greater uniformity among all these coals 
the steam per pound combustible, without regard the mines 
grades, than the steam per pound coal, and this naturally 
due the fact that the lower grades contain just good coal Lump, 
but carry more waste matter from the slate and stone loosened min- 
ing from the roof and floor the galleries, which Lump coal pre- 
sumed removed when run over the screen the mouth the 
mine, and the use finer screens often goes into the cargoes 
low-grade coals, and purchased much coal the buyer. 
Assuming more non-combustible matter the Mine Run than 
the Lump coal, such coal for steam purposes should always equal 
Lump, provided the grates upon which burned are suitable 
retain the smaller and finer particles until coking occurs, the 
non-coking coals, until combustion completed. 

review the Pittsburg coals indicates that they should rated 
equal quality, whether obtained from the older mines the 
Second Pool from the newer mines the Fourth Pool. 

The economic and capacity results the West Virginia coals are 
shown Table No. 14. 

The economic and capacity results the Ohio, Kentucky and 
Tennessee coals are shown Table No. 15. 


TABLE No. 15.—Economic anp witH 
TUCKY AND TENNESSEE 


| STEAM FROM AND AT 


212° Steam Coal per 
t square Foot 
No. Kind coal. Per pound per surface per 
Per pound 
of of combus- hour. hour. 
tible. 


Pounds. Pounds. Pounds. | Pounds. 


CoAaLs. 


41 Lubrig, Washed Egg............ 7.820 | 8.404 | 5.3738 20.037 

43 Luhrig, Washed Slack.......... 7.275 7.667 | 5.304 21.186 

44 Wellston Shaft, Mine Run...... 8.053 | 8.301 | 5,321 19.209 

Kentucky Coats. 

47 |Jellico, Mine Run............... 9.115 | 9,431 | 5.485 17.509 

40 |Jellico, Nut and Slack........... | 7.779 8.695 5.340 19.991 


48 ea ee | 8.719 | 9.001 | 5.484 | 18.255 


TENNESSEE COAL. 
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hasty glance the table economic results obtained with the 
West Virginia coals will show that nearly all the samples should 
ranked higher than the Pittsburg coals. Thus the average weight 
steam per pound coal for all the Pittsburg coals was 8.69 
economy which reached excelled all except five samples 
West Virginia coals. Heretofore, the western river markets, Pitts- 
burg coal from the Second Pool has been the accepted standard, and 
for years prices and guarantees have been based this coal. 

Considering Pittsburg coal the standard for steam purposes 
the western river markets, all but five the West Virginia coals ex- 
ceed the average the Pittsburg coals steam per pound coal and 
per pound combustible. Belmont Splint, Winifrede, Campbell’s 
Creek, Kanawha Gas, and the Loup Creek low-grade coals are the only 
kinds grades that fall below the Pittsburg coals. the West Vir- 
ginia coals, several, like New River, Pocahontas, Loup Creek (from the 
MacDonald Mine), Acme, Thacker, Cedar Grove and Kanawha Steam, 
are peculiarly good quality. 

Grouping the West Virginia coals two classes, which the 
first contains coals distinctly superior Pittsburg, and the second all 
other coals tested, the average performance for the coals each 
these classes shown Table No. 16. 


TABLE No. 16. 


STEAM FROM AND AT 212° Faure. 


Per pound coal. 


Per pound of com- 
Pounds. 


| 
Samples coals. 
bustible. Pounds. 


Pittsburg coals | 8.69 
First-class, West Virginia coals: | 
New River, Loup Creek 
Mine), Pocahontas, Kanawha 
Acme, Thacker, and Cedar Grove coals | 
Second-class, West Virginia coals: | 
Loup Creek (Dunn Loup Mine), Kanawha 
Gas, Keystone, Winifrede, +. Con- 
solidated Thacker, Maritime Thacker, 
Creek, Monongah, Eagle, 
Mt. Carbon, ay Coalburg and 
Belmont Splint coals (average).......... 


9.46 


8.76 9.49 


referring the proximate analyses and calorific tests the 
seven coals grouped the first class, will noticed that the com- 


position the combustible matter varies widely, while the heating 


4 
| 
| 


powers combustible and practical performance are sufficiently near 
together suggest coals like character. 


TABLE No. 17. 


Sample coal. per pound combustible 
combustible. (averages). 


New River meee 15 757 
Loup Creek (MacDonald Mine) . - 15 336 
Pocahontas..... 15 456 
Kanawha Steam ie 15 653 

15 589 
Thacker .... 554 
Cedar Grove 15 422 


From the proximate analyses these coals, the averages fixed 
carbon and volatile matter are follows: 


Sample of coal. Fixed carbon. Volatile matter. 


New River, Loup Creek and Pocahontas 
Kanawha Steam, Acme and Thacker 64.72 
Cedar Grove 60.26 | 


Referring the Ohio, Kentucky and Tennessee coals tested, 
apparent that for steam purposes these coals are not equal the 
West Virginia and Pittsburg coals. (An exception should made 
the Jellico, Ky., coal, which compares favorably with the second- 
class West Virginia coals. 

The diagrams (Figs. inclusive) show the relation the dif- 
ferent coals each group and grade. The vertical scale represents 
pounds, and the horizontal scale the different coals. The solid circles 
connected lines the top the diagrams indicate (to scale) the 
average weights coal samples burned: per square foot grate sur- 
face per hour. The second series circles connected lines indi- 
cates the steam per pound combustible; and the third series 
circles connected lines indicates the steam per pound coal, 
both from and 212° Fahr. The lower solid circles and lines indi- 
cate the steam pounds per square foot heating surface per hour. 
The reasonable uniformity the work done during each test all 
coals will noticed upon reference the several diagrams. 

quite possible that the boilers used these tests were not the 
best for all the coals tested, and that some kinds and grades coal 
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suffered accordingly; but that condition which perhaps will 
always found true, for form boiler and furnace can equally 
well adapted every variety bituminous coal, nor could changes 
made the boiler and furnace, and the mode firing, for dif- 
ferent kinds coal, without raising suspicion the investigator’s 
mind that doing would favoring one coal the expense 
another. 

The Galloway boilers have elsewhere been reported upon very 
favorably when worked with bituminous coal, results being attributed 
them, with what the author finds inferior coals, which con- 
siderably exceed the performance any ccal tested during this in- 
vestigation, but doubtless such results were obtained under conditions 
which cannot had the daily operation steam boilers with ordi- 
nary firemen. 

These boilers were originally set with 960 sq. heating surface 
and 199 sq. super-heating surface, total combined heating and 
super-heating surface 159 sq. ft. for each boiler. The grate sur- 
face, course, was the same during the author’s trials, but the 
chimney was originally 150 ft. high and the same section during 
the later tests. The report the contract trial upon which the 
boilers were accepted the city contains the following data: 


Temperature feed water. 193.70° Fahr. 
Temperature waste gases flue leading 

Super-heat, expressed percentage gain heat units 

above saturated steam (no data 
Total steam from and 212° Fahr............... 377.00 


Steam per pound dry coal from and 212° Fahr. Ibs. 


The coal for the contract trial stated Pittsburg Nut, contain- 
ing 10.3% ash, etc., and over 34% moisture. These percentages 
are much larger than found the author for any kind grade 
Pittsburg coal. The coal was burned the rate 19.05 lbs. per square 


Obtained melting zinc. 
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foot grate surface per hour, and steam was made the rate 
from and 212° Fahr. per square foot water-heating surface 
per hour. The principal differences between the conditions for the 
contract trial, and those for the coal tests the author, were the 
setting the boilers and the height the chimney, with the com- 
plete loss super-heating surface for the later trials, which appar- 
ently alone made the efficiency the steam 11.73% better for this 
earlier trial. 

The author has record the methods pursued, and means 
checking the results the contract trial, but would interesting 
know how the very high percentage super-heat was obtained with 
boiler setting which within his experience has seldom shown abovea 
few degrees super-heat, and generally expected the builders 
only secure dry steam, and further, how the largely increased capacity 
was obtained. During the author’s tests the boilers were supposed 
doing the best possible work, with economic rate coal con- 
sumption per square foot grate surface per hour. there was error 
reporting the contract trial, would seem the weight 
water credited the boiler, the quality steam made, both. 
The rate coal consumption compares fairly well with the rates used 
during the author’s coal tests. 

all instances the coals were used with care, and the furnace 
conditions were such as, the author’s opinion, would give the coal 
under trial fair rating. One circumstance, however, seemed 
militate against all coals, the very high temperature the 
chimney gases, which suggested times that the coals were being 
burned too high rate per unit grate surface, that the ratio 
grate and heating surface was not well proportioned. The 
peratures hot gas were obtained during the earlier tests, and this 
was then thought have been due the fireman’s lack previous ex- 
perience with these boilers, but singularly enough some the high 
temperatures the chimney were accompanied better economies 
than when the same coals were tried with lower temperatures waste 
gases. referring the abstract from the reported results the 
contract trial, seems that the waste gases entered the chimney then 
very high temperature, the unusual economic re- 
sults obtained. 


During the first tests there was regulation the flow air 
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the ash-pits, and comparison coals like kinds tried before and after 
the quantity air the ash-pits was placed under control, indicates 
one example gain, and the other slight loss the change. 


TABLE No. COALS TRIED BEFORE AND AFTER 
REGULATION AIR ASHPITS. 


STEAM FROM AND 212° 
| Temperature 
Test : of waste 
Number. Kind coal. Per pound Per pound 
coal, combustible. 
Pounds. Pounds. | Fahr. 
1 New River, Mine Run......... | 9.834 10.771 631.3 
Loup Creek, Mine 8.759 9.130 718.8 
31 New River, Mine Run........ 9.572 10.005 521.7 
New River, Lump............. 9.186 9.879 622.6 
New River, Lump...... ...... 9.707 606.5 


Before proceeding this branch the investigation, careful study 
was made several modern forms coal calorimeter, and, after 
the advantages and disadvantages each, the author de- 
‘cided use the instrument devised Professor Carpenter, 
Cornell University, the accuracy which, after observing due pre- 
cautions its use, depends upon the assumption that equal incre- 
ments heat produce corresponding dilatations the water the 
instrument, and that the heat value for pure carbon has been de- 
termined. The instrument was accompanied diagram, which 
gave the manufacturer’s calibration and value for each inch rise 
the 

burning the instrument successive weights pure carbon, 
obtained coking recrystallized sugar, the value heat units 
the the water column was obtained, and multiply- 
ing this the rise inches and dividing the weight fuel 
burned fractions pound, the heat units per pound coal 
coke sample were obtained. The construction and use this form 
coal calorimeter fully described paper Professor Car- 
penter.* 


* Transactions, A. 8. M. E., Vol. xvi, 1895. 
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The value pure carbon burning without residue, determined 
pure carbon, burning without residue the crucible, gave during 
the author’s tests mean when measured the heat scale 
supplied with the Carpenter instrument. 

The preliminary tests with coke from sugar were carefully repeated 
with trifling variations the results, and, accepting the value pure 
carbon determined Berthelot, then in. rise the water column 
equals 7.15 U.; this amount heat added the water 
the instrument caused the column the glass tube rise in. 
Generally, 1.5 grams coal were burned the calorimeter, but 
check the work gram and grams were sometimes used. 

The sample coal for the calorimeter was weighed analyti- 
cal balance, turning mgr., thin asbestos crucibles about 
in. diameter and in. deep. These crucibles were subjected 
prolonged heat over Bunsen burner remove any combustible 
matter, and cooled room temperature desiccator before each 
determination. 

Sample determinations with this calorimeter are given below: 

Pure Carbon from grams. Scale reading 6.74 ins. 


6.74 7.15 
Harvey Foundry Coke.—1.411 grams. Scale reading 6.15 ins. 


New River, Mine Run, Coal.—1.5 grams. Scale reading 7.02 ins. 


The Carpenter instrument, which improved form the earlier 
Thompson Gas Calorimeter, really very large thermometer; the 
fuel being burned the bulb, and all heat being absorbed the 
lost radiation. Combustion takes place the presence 
pure oxygen under pressure ins. water. The heat absorbed 
accounted for the expansion the fluid the vertical glass tube, 
while that lost radiation measured the contraction the 
column fluid during interval time equal the time required 
for the combustion the coal sample. The expansion and contrac- 
tion are measured inches vertical scale placed behind the glass 


*Stillman’s Engineering 1897, 120; Poole’s Power 
Fuels," 1898, p. 13. 
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tube. The bulb the instrument contained slightly less than lbs. 

The precautions observed the use this calorimeter are 
few and easily complied with: 

First.—Distilled water, absolutely free from air, should used. 
This the author obtained first gently boiling the water separate 
vessel placed over Bunsen gas-burner, and then introducing 
high temperature into the calorimeter bulb. While cooling nearly 
room temperature the bulb was held cause any air which might 
have been trapped filling, seek the stuffing-box outlet. 
prevent reabsorption air from the atmosphere while working with 
the calorimeter, column coal oil ins. high was run into the glass 
tube top the water. 

Second.—At the beginning each experiment, the temperature 
the calorimeter and water must sensibly higher than room tempera- 
ture avoid transfer heat from the atmosphere the water, and the 
instrument must rigidly protected from all drafts the room while 
the experiment being conducted. 

Third.—The exit orifice for the waste gases must kept clear 
all residual matters which may come over and deposited from them. 
With perfect combustion there should residuals the waste 
gases; but essential good work with this instrument that the gas 
orifice frequently opened with fine brass wire, for, with continued 
use, some manner this very small opening (about the size fine 
cambric needle) becomes clogged. (It possible that the sulphuric 
acid the waste gases may havea corrosive effect the metal sur- 
rounding the exit orifice, with formation sulphate copper.) 

Fourth.—The time required burn the sample coal should 
noted seconds, and the same length time allowed for loss heat 
radiation after combustion. 

Many preliminary tests with this instrument foundry coke and 
pure carbon indicated accuracy measurement which the com- 


parative determination the heat values these coals should all 
sufficient. 


Table No. are given the averages several determinations 
the calorific values the different coals subjected 
physical tests, together with comparison the ash calorimeter, 
and chemical analysis: 
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TABLE No. Power Coats THERMAL 


Test Ashby Ash 
PENNSYLVANIA (PITTSBURG) COALS. 
13-14-15-16. | Pittsburg, Brown. Second Pool......... 13 883 5.77 8.75 
Catsburg, Third Pool.. 13 446 5.46 5.50 
" Cincinnati, Third Pool. ‘ 13 247 4.64 4.05 
" Woods, Fourth Pool........ 13 316 5.66 5.60 
West 
1-31-35-49, .| New Riv | 14 742 1.40 1.45 
1-31-35-49.. (mow sample), oe 15 163 2.87 2.40 
(new sample)............ 15188 1.57 1,25 
G | 15088 1,38 3.7% 
wees 15 184 1.60 2.10 
28-24-25....|Winifrede... 14111 2.91 2.85 
28-30 87. 14 526 5.88 5.00 
2 Logan Consolidated Thacker........... 14 245 4.13 3.85 
14 040 3.00 2.60 
‘l\Cedar Grove... 14 668 3.97 8.47 
Mt. Carbon., 13 964 4.67 4.33 
Chesapeake 13 370 3.98 3.27 
Coalburg ....... 13 781 5.26 4.93 
Belmont Splint 12949 | 1,08 1.20 
41-48....... Luhrig, Washed...... 12 960 | 6.86 | 6.90 
|Wellston Shaft..... 506 7.80 
Kentucky Coats. 
TENNESSEE COAL. 


The ash, both calorimeter and analysis, mean several de- 
and, when, the two methods examination, the 
percentages ash fail agree, must charged lack uni- 
formity the samples. This variation percentage ash coals 
from the same source well known,* and indicates, might sup- 
posed, that Nature forming the coal did not follow exact synthesis. 

Some writers have recently stated the thermal values certain 
coals the net combustible, leaving out consideration the ash and 
moisture, which are constant constituents all coals purchased for 
use. The propriety this, excepting for comparison effects 
different combinations carbon, hydrogen and oxygen the coal, 


The Calorific Value Certain Coals,” Lord and Haas, Loc. cit., and 
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may questioned. Thus, when the constituents the combustible are 
alike, nearly alike, two more coals, and the are sub- 
stantially different, such comparison furnishes very interesting 
information; but when the thermal values agree very well for different 
coals like composition, mistake neglect properties which 
are certain found all coals every nature. Neither does 
furnish information consumer coal, who compelled 
make his purchases and estimate economy with the ash and moisture 
included. 

connection with the heat values the coals tested the 
author, Table No. 20, comparing some these with results obtained 
other investigators the same coals, may interest. this 
table the data attributed Professor Carpenter were obtained with 
instrument the same kind that used the author.* The 
data credited Mr. Barrus were obtained from improved form 
and mode using the Thompson The data credited 
Professors Lord and Haas were obtained with Mahler bomb 
while those credited Messrs. Hale and Williams were 
obtained with bomb calorimeter the Berthelot 

With reference the samples coal tested for calorific power 
the author, proper state that all the samples were the office 
for from two weeks eight months previous making the calorimetric 
determinations, and although excluded from dust, the packages were 
open free access air, and some the volatile matter may have been 
lost under the influence room temperature. ascertain the probable 
effect keeping the coals under this condition, tests old and new 
samples New River, Loup Creek and Pocahontas coals were made, 
with the result, each instance, higher calorific power the new 
when compared with the old samples. Upon the contrary, the recent 
experiments Messrs. Hale and Williams, Boston, indicate that two 
the coals mentioned (New River and Pocahontas) were not im- 
paired heating power exposure weathering. With this differ- 
ence, however, that exposure the author’s tests was limited the 
air circulating room, while Messrs. Hale and Williams’ ex- 
periments the samples coal were really exposed the weather for 
eleven months. 


* Transactions, A. S. M. E., Vol. xvi, 1895. 
+ Transactions, A. 8. M. E., Vol. xiv, 1898. 
Transactions, Am. Inst. Mining Engrs., 1897. 
§ Transactions, A. 8. M. E., Vol. xx, 1899. 
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More than years ago the author made some experiments under 
steam boilers with weathered and freshly mined Pittsburg coal, with 
the result that the freshly mined coal gave the higher amount 
steam per pound coal. The data these early trials not having 
been permanently recorded, the percentage gain the freshly 
mined over weathered coal cannot now,be stated, but the difference was 
quite material. 


TABLE No. DETERMINATIONS. 


Heat units Mode 
Kird coal. per pound Authority. 
| coal. | Determination. | 
13 858 ‘ “ 
} Calorimeter. | Author. 
Analysis. Hale and Williams. 
14 526 Calorimeter. | Author. 
13 | 
13 “ | 
13 383 [ | Author. 
13 446 
wee 
Analysis. Hale and Williams. 
14 006 | 
960 Calorimeter. Author. 
11 885 ss 
Lord and Haas. 


Professor Johnson attempted deduce the calorific values the 
which came under his observation from the formulas Des- 
pretz and Dulong* (the then prevailing expressions for the total heat- 
ing power coal), and also relate the total heat value that 
pure carbon the method Berthier, which consists reducing the 
lead from litharge combustion known weight coal cru- 
cible the presence excess the oxide lead; the amount 


Report the Navy Department the United States, American Pro- 
fessor Walter R. Johnson, 1843, p. 500. 


New Rive 
Pocahont 
Thacker. 
Pittsburg 
Luhrig (¢ 
Wellston 
Hocking 
| ] 
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TABLE No. Harvey Gas 
AND CARBON FROM RECRYSTALLIZED SUGAR. 


: | Weight in | Per poun 

Sample. grams. com- 

bustible. 
= ; 1.418 14 026 
= 1.413 13 987 
0.943 13 600 
1.885 14 327 
ed 0.944 13 461 
Gas Coke 1.500 13 000 


metallic lead found, after combustion, button the crucible, 
being weighed and related the weight coal consumed, and the 
total calorific power the combustible obtained proportion from 
the amounts lead reduced the given combustible, and pure 

According Berthier, pure carbon capable reducing thirty- 
four times its weight lead*, and multiplying the weight lead 
reduced the calorific value pure carbon divided 34, the ther- 
mal value the combustible matter any given coal may de- 
termined. Professor Johnson used grains (about grams) 
powdered coal sample for his litharge tests. Mr. Emery has suggested 
that this test Berthier for determination the heating power 
coals reason its simplicity and readiness application might 
revived 

Professor Johnson made many deductions from his chemical notes 
show that the percentage fixed carbon the combustible was 
direct measure the heating power, and that, the ratio carbon 
volatile matter diminished, the calorific power the coal also dimin- 
ished. While this generally true, now well known that the 
anthracite coals, high fixed carbon and low volatile matter, are 
not possessed the highest heating powers, nor have they shown the 
high efficiency the smokeless West Virginia the Cumberland 
coals when submitted physical tests. 


| 
| 
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TABLE No. 


bustible. 
George's Creek............. 6 Bomb Calorimeter....... Hale and Williams, 1899. 
(maximum), 15141 Thompson Calorimeter. Barrus, 1893. 
(minimum). 14085 | | 
N. Y. & M. Mining Co...... 18 071 Litharge Test........... Johnson, 1843. 
**Coal in Store (Mine)... .' 14089 | 
Atkinson and Templeman.) 12954 | | 


Upon the other hand, the litharge test, Professor Johnson found 
for Lackawanna anthracite coals per pound combusti- 
ble, which much nearer some the late determinations than the re- 
sults obtained this method for the Cumberland coals. For thirteen 
samples anthracite coal tested Professor Carpenter*, found 
with his calorimeter for Drifton coal 480 per pound com- 
bustible, and from eleven samples anthracite coal tested Mr. Bar- 
bustible, results quite near that obtained for Lackawanna coal the 
Berthier test fifty-six years ago Professor Johnson. Parallel coals 
not having tested during the earlier and later trials, better com- 
parisons cannot made, but from the limited data which are all 
comparable, the suggestion arises that the Berthier method may 
when applied coals high volatile matter, possibly 
reason incomplete imperfect combustion the hydro-carbons. 
When applied carbons, and coals high carbon, seems that the 
method may give reliable results. 


The relation the heat accounted for the steam the total 
heating powers the several coals tested given Table No. 23. 
The difference between this fraction and unity, represents the losses 
heat chimney draft, evaporation moisture the atmosphere 
and coal, rendered latent the gases combustion, and the heat 


* Loc. cit., p. 17. 
+ Loc. cit., p. 7. 


. 
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TABLE No. OBTAINED From 


EFFICIENCY ON 


Coal sample. 
Coal. Combustible. 
| 
PENNSYLVANIA COALS. 
Pittsburg, Brow Pool, Lump... 0.6500 0.6406 
Barge Rui 0.6542 0.6477 
Mine Run.. 0.6081 0.6214 
Barge Run......... 0.2315 | 0.6382 
* 0.6122 0.6318 
Nut and Slack,...... 0.5910 | 0.6169 
> Nut and Slack 0.6824 0.6431 
Barge Run se 0.6180 | 0.6406 
Mine Run...... 0.6480 | 0.6731 
= 7 = Nut and Slack.. ee 0.6131 | 0.6406 
West Viren Coats 
River, Lump.......... 0.6056 
Mine Run.,...... 0.6272 | 0.6134 
Mine Run.. 0.5650 0.5751 
0.6015 
” Kanawha, Steam Lump. 0.5912 0.6136 
” Gas Lump.. ° 0.5519 0.6165 
Mine Run.. 0.6246 0.6293 
Mine Run.. ... 0.6291 
42. Logan Consolidated Thacker, Mine Run... | 0.6210 0.6827 
46 |Maritime Thacker, Mine Run.. 0.6335 0.6230 
|Campbell’ s Creek, Mine Run..... 0.6079 0.6309 
Carbon, Mine 0.6171 
Splint, Mine Run......... 0.6513 0.6909 

Slack 0.5423 0.5159 
/Wellston Shatt, Mine Run 0.6220 0.5695 
Nut and 0.5847 0.5450 


TENNESSEE COAL. 


| 


HILL TESTS STEAM COALS. 


losses radiation and conduction. Notes sufficient divide 
the gross loss into the detailed losses were not taken, nor with the 
object which these tests had view was necessary, because the 
boiler, furnace and chimney conditions were alike for all coals. Excep- 
tions should made the moisture the atmosphere, for which 
neither coal nor boilers should held but this, the 


author’s previous experience, has never exceeded the total heat 
combustion. 


PROXIMATE ANALYSES COALS. 


The notes the proximate analyses these coals (Table No. 24) 
are means three five determinations for each sample. these 
tests the sample powdered coal was carefully dried 105° Cent. for 
one hour, and then re-weighed for loss moisture. The first few 
samples were then returned the gas oven for fifteen twenty min- 
utes ascertain the additional exposure the dry heat produced 
further loss weight due moisture. The early tests demon- 
strated that one hour was sufficient expel the moisture from the 
samples, and all the after determinations were made upon this time 
exposure dry heat. the covered porcelain crucible 
was then exposed the naked flame Bunsen burner until 
ceased give off gas the edge the cover. The crucible, without 
cooling, was then held over blast lamp white heat for three min- 
utes, expel the small amount volatile matter which remained 
after the gas flame was extinguished. The crucible and contents were 
then cooled desiccator and weighed for the loss weight 
sample volatile matter. The fixed carbon remaining the cruci- 
ble was then constant weight current oxygen over 
Bunsen burner, after which operation the crucible was again cooled 
the desiccator and weighed for loss due the fixed carbon. The 
difference between the last weighing and weight crucible repre- 
sented the ash non-combustible the sample. determinations 
for sulphur the combustible phosphorus the ash were made, 
partly because lack significance these elements steam coals, 
and partly for lack time, the city officials desiring the réswmé the 
work early date use connection with the annual contract 
for city coals. 


The samples for proximate analysis and for the calorimetric deter- 


HILL TESTS STEAM COALS. 


minations were obtained the customary method quartering from 
several pounds the small weights finally used. was believed that 
all the samples excepting the fresh samples New River (1), Pocahontas 
(26), Loup Creek (27), Eagle (51), Cedar Grove (52), Mt. Carbon (53), 
Chesapeake (54) and Coalburg (55), had lost volatile matter during 
the interval time which elapsed between the collection the sample 
from the lot test coal fired under the boilers, and the tests for mois- 
ture and combustible matter, and for heating power; but careful con- 
sideration the proximate analyses the old and new samples New 
River, Loup Creek and Pocahontas coals, suggest that this may not 
generally have been true. 


TABLE No. ANALYSES TESTED. 


Specific Volatile Fixed 
Sample coal. gravity. Moisture. matter. 


PENNSYLVANIA COALS. 


Pittsburg, Brown, Second Pool............ 1.317 1.17 26.93 68.15 | 3.75 
Catsburg, Third Pool........... 1,291 0.76 33.04 60.7! 5.50 
Cincinnati, Third 1.295 0.98 4.05 
West Coats. 
New River (old 1.270 0.50 17.85 1.45 
1,270 | 0,90 18.60 78.10 | 2.40 
Loup | Creek (old sample)........ 1.275 | 0.55 19.25 78,05 | 2.15 
(new 0.52 18.80 79.43 1.25 
1.3°6 | 0.78 28.92 | 62.00) 8,30 
Winifrede. 1.05 32.40 63.70 | 2.85 
Thacker. . | 1.824 } 0.738 31.32 62.95 | 5.00 
Logan Consolidated Thacker | 1.809 0.70 | $2.60 62.85 | 3.85 
Maritime Thacker.......... 1,301 0.68 31.67 63.05 
1.282 1,05 33.15 62.50 3.30 
Cedar .| 1,308 0.92 35.35 60.26 3.47 
0.78 81.87 63.07 | 4.38 
1.2% 34.22 63.30 | 1.20 


Kentucky 

TENNESSEE CoAL * 


(The above determinations were made Mr. Henry Hill.) 


a 
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Kent’s Estimate Heat FROM PROXIMATE 
ANALYSIS. 


Mr. William Kent has given table the proximate heating 
values coals deduced from Mahler’s experimental data.* this 
table attempts show, within limits error 3%, the 
coals, having previously determined percentages fixed carbon 
the net combustible. The figures this table have been plotted 
co-ordinates the diagram (Fig. and connected smooth 
curve. Upon the diagram the heat values obtained the author 
with the Carpenter calorimeter, together with the results tests 
Professors Carpenter, Lord and Haas, and Hale and Williams, have also 
been plotted for comparison with Mr. Kent’s curve. examination 
this diagram indicates wide difference between the heating values 
certain coals given the curve and from calorimetric tests, 
and this doubtless due the variable nature the volatile matter. 

From any series experiments bituminous coals like those 
Mahler, curves can obtained which will approximately fit the pres- 
ent conditions, but not generally applicable another series 
tests coals from other localities. reference Table No. 
will seen that four the best coals calorimetrically tested, viz: 
Thacker, Acme, Kanawba Steam and Kanawha Gas coals, having heat- 
net combustible, contained scarcely two-thirds fixed carbon, and 
the Kent method should have rated heating power considerably 
lower than the smokeless coals; when, fact, the calorimetric 
method these coals were not inferior the coals giving the highest 
heating powers and evaporative results. 

Referring again the table will noticed, that rule, the 
actual heating power the net was considerably under 
the value which would assigned the Kent curve. 
scarcely probable that the heats obtained the author were too low, 
because combustion must have been perfect the presence pure 
oxygen under pressure, and shown the absence smoke and soot 
the combustion chamber, and the orifice exit for the waste gases; 
and was complete shown the fair agreement the ash calori- 
metric method and proximate analysis. 


* Kent's * Mechanical Engineers’ Pocketbook,” First Edition, p. 684. 
Coal—(ash moisture). 
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| Percentage of 

fixed carbon 

Coal. eet 
combustible. 


PENNSYLVANIA COALS. 


Pittsburg, Brown, Second Pool...... 

Catsburg, Third Pool.. 64.75 

West Vireria CoaLs. 

New Riv (old 81.80 

(new sample)............ 80.77 

Loup Creek (old sample). . | 80.22 

(new 80.44 

Pocahontas (old sample)........... | 84.35 


(new sample).......... | 80.86 


wi Gas.. 60.81 
Acme... 67.49 
Winifrede. . 66.29 
66.7 
Logan Consolidated Thacker........| 65.85 
Maritime 
60.48 
63.08 
Chesapeake. . 

Coalburg........ 


Kentucky Coa. 
TENNESSEE COAL. 


B. T. U. Per Pounp or Net 
COMBUSTIBLE. 


calorimeter. Kent's curve. 
14 317 15 260 
14 036 15 270 
14 213 15 350 
15 028 15 815 
15 757 15 840 
14 837 15 850 
15 336 15 845 
14 738 15 770 
15 456 15 840 
15 653 15 470 
15 440 14 780 
15 589 15 460 
15 448 15 499 
14 698 15 375 
15 554 15 400 
14 968 15 345 
15 008 15 380 
14 789 14 690 
15 022 15 300 
14 625 15 500 
15 422 15 120 
14 761 15 380 
14 086 15 210 
14 686 14 510 
13 262 15 275 
14 357 | 15 105 
14 080 14 960 


One serious objection the general application Mr. Kent’s 
curve the variable nature the volatile matter bituminous coals, 
which may have effect the calorific power. Thus, with constant 
fixed carbon, when the hydrogen relatively high and the oxygen 
relatively low, the heating power the volatile matter will high, 
and when the hydrogen relatively low and the oxygen relatively 
high, the heating power the volatile matter will low. (Varying 
amounts sulphur the coal will have the effect slightly modi- 


fying 


| 
Belmont 64.91 
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Table No. 26, from analyses Professors Lord and Haas,* will 
show the influence varying relative amounts hydrogen and 
oxygen the heating power coals: 


PERCENTAGES. HEATING Power. 
Test 
| Calories.+ | Calories.t+ 
24 |Freeport......... 9.17 73.15 4.98 | 7.41 7 464 7 393 
9.05 73.91 5.15 8.89 7 354 7 404 
32 |Darlington....... 8.70 12.78 4.93 10.57 7 245 7173 
33 8.80 72.82 5.25 8.55 7 304 7 395 
8 - os .| 9.67 66.59 5.16 15.57 6 494 6 520 
11 |Thacker......... 6.50 78.90 5.14 6.88 768 | 7 876 
14 | 6.05 78.40 5.19 7.56 7 867 | 7 831 
8 |Pocahontas...... | 5.68 85.46 4,25 8.24 8 185 8 246 
5 | 4.80 85.40 4.39 3.94 8 289 8 258 


+ Pound calories x 1.8 = B. T. U. 


Considering the Freeport, Pittsburg and Darlington coals, the rela- 
tion hydrogen and oxygen varies sufficiently overcome the modi- 
fying influence the differences percentages fixed carbon. 
With the Hocking Valley coal the relation the hydrogen and oxygen 
fairly constant, but the combustible varies heating power 
reason the variable proportion fixed carbon, while with the 
Thacker and Pocahontas coals all conditions the combustible are 
fairly constant, and the heating powers likewise are constant. 

The data Table No. 27, from ten samples bituminous coals, 
are taken from Professor Carpenter’s paper, descriptive his form 
coal and compared the heating power the net com- 
bustible with the heats obtained for the given percentages free 
carbon Mr. Kent’s curve. 


* Loc. cit. 
Loc. cit. 
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TABLE No. 27. 


free carbon. | 

} 67.93 | 16 093 15 475 
66.27 15 964 15 310 
65.19 14 601 15 200 
73.93 16 000 15 750 

“ae 68.78 | 16 315 15 510 

tet 4.3 14 753 15 780 

78.87 | 15 396 15 835 
West Virginia..... see 81.47 } 15 872 15 820 
58.65 12 435 14 400 


The specific gravity given the table analyses each kind 
coal—a mean five six determinations—will found value 
estimating the stowage for marine, railway and factory uses where the 
coal storage space limited. Thus coal given specific gravity 
and heating power will occupy less bulk given steam effect than 
will another coal lower specific gravity and equal heating power. 
The relative values where stowage consideration will approxi- 
mately represented the products the heating powers and specific 
gravities the several coals, and illustrate the effect this, the 
following comparisons few coals have been made: 


Product, heating 
Coal sample. power (B. U.), age 
specific 
| 19 US3 98.78 
| 19 329 | 100.00 
19 232 99.50 
17 808 92.10 
19 186 99.26 
| 


Considering that the New River, Loup Creek, Pocahontas and 


Thacker coals, addition their other good qualities, are all so- 


TABLE No. 28. 
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called smokeless coals, the importance these for naval and railway 
purposes quite apparent. 

should matter for congratulation the people the United 
States residing east the Mississippi River, that Nature has been 
bountiful locating such vast tracts high-grade steam coals 
are found the States Pennsylvania, West Virginia and Kentucky, 
especially these coals are easily mined and cheaply transported 
the seaboard, points consumption inland. Some these 
coals, like Pocahontas, New River, and Acme, are not surpassed for 
steam use any known coals the world, and when boilers and 
furnaces have been devised obtain the highest practical efficiencies, 
then these coals will made contribute higher degree the 
commercial prosperity the country. 

Reference the physical efficiencies these coals (Table No. 23), 
indicates that none the coals was giving very high results, and 
some, undoubtedly, were worked disadvantage, although the evi- 
dences this were not apparent the time; but high efficiency 
the low-grade coals cannot always attained except furnaces 
especially adapted for them. the losses heat chimney draft, 
should limited 30% the ultimate heat value the coal; 
and designing boilers and furnaces, due regard should had for 
the work performed and the coal used. But variations 
any large degree the amount work, and the kind and grade 
coal burned, will most instances attended with reduced efficiency 
the fuel. 
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DISCUSSION. 


Mr. Kent.—This paper valuable contribution the 
knowledge the heating value some the most important Ameri- 
can coals, and Mr. Hill congratulated having presented one 
the most important papers this subject which has yet ap- 
peared. 

The author has had opportunity which few engineers have ever 
obtained making systematic series tests coals mined over 
wide extent territory, with conditions under his and with 
facilities for making both chemical and calorimetric tests. 

All the results which the opportunity offered have not been ob- 
tained the author, nor has drawn all the conclusions which 
might have been drawn, and the speaker will have find fault with 
some details his methods and with some his figures. 

The map, Fig. showing the location the coal fields, especi- 
ally commended. The chief factor which determines the heat- 
ing value any the coals mined east the Mississippi the geo- 
graphical location the mine. satisfactory study American 
coals can made without map showing the location the mines. 

regard the methods testing, the author was fortunate 
having internally fired boiler which could driven uniform 
rate and thus keep the loss radiation practically constant. was 
unfortunate, however, having the rate evaporation between and 
lbs. per square foot heating surface per hour, high 
far beyond the point maximum economical performance. was 
also unfortunate not having furnace and combustion chamber sur- 
rounded fire brick, which would have been great assistance 
burning completely those coals which had over over 30% volatile 
matter. 

The author says: 

results given the tables are case supposed indi- 
cate the best possibilities with these coals. The author re- 
gards the results this method handling the coal more 


satisfactory the buyers and users than those which might 
have been obtained expert firemen.” 


The results are certainly below the best possibilities the coals. 
They could not anything else, with the boiler driven beyond 
its economical rating, with furnace not adapted for burning the 
volatile gases, and with only the ordinary firemen. This may 
satisfactory the buyer and user the coal, but should not 
satisfactory the seller the coal nor engineer. The object 
the tests appears have been determine the relative value the 
coals. each coal had been tested such manner develop its 
best possible results, with clean boiler, with expert firemen and with 
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boiler not over driven, the results then could taken expressing Mr. Kent. 
the true relative value the different coals. But when conditions are 
unfavorable, they were these tests, there way determining 
that they are not more unfavorable for one coal than for another. 
Unfavorable conditions are variable conditions, and they should 
avoided testing coals, boilers and engines, just much racing 
horses. 

example the effect what was probably variable firing 
seen the figures for Pittsburg coal, for the item pounds steam 
from and 212° per pound combustible” Tables Nos. and 


NAME. Lump. Barge Mine Run. Nut and Slack. 


9.54 9.64 9.25 9.24 
Catsburg.. 9.87 9.46 9.36 9.14 


Cincinnati ... enna | 9.24 9.34 
Woods ....... 9.65 9.43 9.90 9.43 


quality, and might expected that these tests would give some 
knowledge the relative value different sizes. But the highest 
figures are given the Barge Run for the Brown coal, the Lump 
for the Catsburg, the Nut and Slack for the Cincinnati, and 
the Mine Run for the Woods. The Brown coal about better 
than the Woods, judged from the Barge Run tests; but poorer 
than the Woods, judged the Mine Run tests. 

The author has something say concerning curve which the 
speaker plotted from the results Mahler’s experiments France 
1892. 

The speaker will not undertake present defence this curve, 
but will only say that the results presented the paper have not 
caused him modify any degree the latest statements has made 
relation it, giving the limitations its usefulness. 

The results given the paper will now taken and few con- 
clusions drawn therefrom. 

The data give three different ways estimating the probable heat- 
ing value the several coals: (1) The determinations the Carpen- 
ter calorimeter, (2) the approximations the use the 
curve, and (3) the results the boiler tests. Each these three 
methods subject error. 

The Carpenter calorimeter means recognized being 
accurate instrument the Mahler calorimeter. greatly 
regretted that Mr. Hill did not have his results checked Professor 
Lord, Columbus, with his Mahler calorimeter. The standardizing 
and the manipulation the Carpenter calorimeter matter great 


*‘* Mineral Industry,” Vol. I, p. 97. and revised with the addition of the results of 
Lord and Haas, in 1898; Transactions, A. I. M. E., Vol. xxvii, p. 955; and Transactions, 
A. 8. M. E., Vol. xx. 
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Mr. Kent. delicacy, and any work done it, have scientific value, should 


done expert. 

The use the speaker’s curve depends accuracy the proxi- 
mate analysis the coal, which not easy obtain, may 
found sending duplicate samples coal three more chemists 
for analysis. The speaker does not claim for his curve greater ap- 
proximation accuracy than even when the analysis accurate; 
and liable somewhat greater error than this coals which are 
high volatile matter, such the Pittsburg and Thacker coals. 

The best boiler tests are subject error about 3%, and, 
already shown, these particular boiler tests show some evidence 
having even larger errors, or, more properly, larger variations from 
the results which were possible under the given conditions. 

There strong probability that the efficiency the boiler, 
barring unavoidable variations due irregularity firing and the 
ordinary errors test, approximately uniform for all the coals 
given class, and assume certain efficiency boiler for these 
tests, will arrive thereby approximation the heating value 
the coal. There can this method there ap- 
parently the calorimetric results obtained Mr. Hill. For 
instance, Table No. the efficiency the boiler when testing 
Loup Creek, Mine Run coal was only 57.51%, while was 69.09% 
with the Belmont Splint, Mine Run, over higher. This only 
partly explained the poor result the boiler test with the Loup 
Creek coal, and must largely due incorrect calorimetric 
result with the Belmont coal. 

may assumed, for the purpose this study, that the three 
different estimates the heating value these coals are equal 
credibility, and that somewhat near approximation their true 
heating value can obtained averaging the three estimates. 
obtain convenient approximation the heating value the coal 
from the boiler tests, the speaker has multiplied the figures represent- 
ing the evaporation per pound combustible 500 for the Poca- 
hontas, New River and Loup Creek coals, and 1600 for all the other 
coals. This equivalent assuming boiler 64.38% 
for the three coals first named, and 60.36% for the other coals*, which 
fair assumption, since the three distinct class, semi- 
bituminous, and always, internally fired boilers, give higher effi- 
ciencies than the bituminous coals. 

From the several results the speaker has selected the best obtained 
from each coal, whether Lump, Barge Run, Mine Run, Slack, 
thus giving each coal the advantage the best showing made. This 


10 X 965.7 + 15.000 = 64.38 % 
10 X 965.7 + 16 000 = 60.36% 
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seems only fair each coal, and does not seem fair depre- Kent. 


ciate the value Loup Creek, which gave 10.63 lbs. evaporation 
Lump coal crediting with the extremely low figure 9.13 for the 
Mine Run coal, which was doubt due improper firing. 

Making the calculations this way, theresults given Table No. 
have been obtained. 


TABLE No. 29.—B. per Pounp 


Average greater 
less than 


orimeter. test.* Average. 


Catsburg, 3d 


—140 —664 

Cincinnati, 3d) } 
| ee | 14 036 15 270 14 950 15 073+ | 1 087 —197 12% 
si Woods, 4th...| 14218 | 15 | 15187 | 924 —213 —710 
Now River..........00. | 15 757 | 15 | 15 921 17 81 —246 
Loup Creek | 153386 | 15 | 15 710 374 | —135 —240 
| 14 | 15 829. | —111 549 — 437 
; 15 | 15 782 198 | 322 —514 
15 15 720 166 | 320 
Logan, Cons. Thacker..... 14968 | 15 | 15333 | 365 |—12 | —853 
Maritime, Thacker.,... 1008 | 15 15292 | 24 |—88 | 
Monongah, sain -| 15 022 15 15 218 | 196 | — 8 —113 
.| 14 625 15 | 15898 | 688 | —192 —490 
Chesapeake........... .| 14 086 15 2 14739 | 6538 —71 —182 
14 686 14 14749 | 63 239 | —301 
Belmont Splint........... 13 262 15 (4 538 «| «1 «276 —B7 —538 


New River, Loup Creek and Pocahontas coals, and 600 for all the other This 
equivalent assuming boiler efficiency 64.5% for the three coals named and 60.4% 
for the other coals. 


wa + Average of columns 2 and 8 only, the figures in column 1 being considered incredi- 


will noticed that the average figures column show 
much higher degree uniformity than the figures columns and 
and somewhat higher degree uniformity than the figures 
column The last three columns show the differences columns 
from the average. Comparing these figures differences 
the following results are found: the twenty-three coals the max- 
imum difference between the average and the three individual results 
for each coal occurs times column representing the variation 
the Carpenter calorimeter results from the average; once column 
representing the variation the results obtained the Kent curve 
from the average; and times column representing the variation 


| | | | 
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between the boiler test results and the average. The minimum differ- 
ence, the nearest approximation the average value, occurs times 
average difference 418 column 239 column and 339 col- 
umn 

Thus, three different methods comparison the Kent curve 
shows closer approximation than either the calorimeter the boiler 
test the average heating values obtained from the three different 
methods estimation. 

The speaker appends the following remarks, showing the conclu- 
sions has reached from earlier studies relation the heating 
values semi-bituminous and bituminous coals mined different 
districts, which conclusions are confirmed this study Mr. Hill’s 
paper. 

Draw line northeasterly from the Pocahontas field, shown No. 
the map, Fig. the boundary line between Virginia and West 
Virginia, through Maryland little west Cumberland and through 
Somerset, Cambria and Clearfield counties Pennsylvania. This 
line, 250 miles length, will pass through the coal fields containing 
the best steam coals mined inthe United States. remarkable feature 
these coals their uniformity chemical composition, their com- 
bustible portion varying only within from 80% fixed carbon 
and 20% volatile matter. The heating power likewise remarkably 
uniform, averaging 750 per pound combustible, with 
probable maximum variation not over each side this 
figure. The ash and moisture all the coals along this line are also 
very low, the ash varying doubt with the care used preparing the 
coal for market the individual mines. These coals are properly 
classed semi-bituminous. 

Traveling northwestwardly, right angles and from any point 
this line, found that the coal gradually increases volatile 
matter, and decreases heating value. the coals mined the line 
the volatile matter only about 20% the total weight the com- 
bustible, but all nearly the composition marsh gas, H,, 
having but little oxygen; and every pound worth nearly Ibs. 
carbon. Further the northwest, however, while the propor- 
tion volatile matter increases, becomes poorer quality, being 
higher oxygen. some parts Ohio the volatile matter 
worth more per pound than carbon, and most coals 
worth less. 

Referring the map, Fig. found that, with the exception 
the Jackson, Ohio, and Jellico, Kentucky and Tennessee coals, 
which the author had only few samples, nearly all the coals tested 
him were mined not very far distant from the northeast and south- 
west line described. The Pocahontas, New River and Loup Creek 
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coals are the line, and their heating value averages approximately Mr. Kent. 


800 per pound combustible. The Pittsburg, Monongah, 
Winefrede and Kanawha. and Thacker fields lie some distance 
the northwest the line. The Pittsburg coals are the farthest away 
from the line, and their probable average heating value 100 
All the other coals, the fields previously named, from 
Fayette, Kanawha and Mingo counties, West Virginia, from sixteen 
different mines, scattered along northeast and southwest line over 
150 miles length, have heating value the entire range which, 
(omitting the Belmont Splint coal, the apparent average heating value 
which doubt too low), only between the figures 739 and 
782 per pound combustible. The average these 
figures 260 U., and the either side this average 
only 3.4 per cent. This result confirmation the conclusion 
reached Professors Lord and Haas their paper the 
tions the American Institute Mining Engineers, the effect that 
the coals mined given seam, over considerable area territory, 
have substantially uniform heating value per pound the com- 
bustible portion. 


Mr. Bryan (by letter).—This paper represents such 
amount experimental research, and the results have been compiled 
with such great labor and care, that considerable study necessary 
fit one discuss intelligently. This, taken with the author’s high 
standing engineer, would, for the most part, tend disarm 
criticism. The paper unquestionably most valuable addition 
the data the value steam coals everyday steam-boiler service. 

The following points criticism, however, would probably occur 
the average engineer familiar with boiler trials: 

First.--The starting stopping the tests not seem 
have been done either the the method, 
recommended the code the American Society Mechanical 
Engineers, which for many years has represented the best American 
practice. regretted that one the other plan was not 
followed rigidly. The author states that the time beginning and 
closing test was when the coal charge the grates was longer 
able maintain pressure. This seems rather indefinite, 
and more likely introduce error than either the 
method referred to. The writer’s preference for the 
method, which thinks would have given excellent 
results the present case; and doubts whether Mr. Hill’s method 
insures that the quantity and condition the fuel the grate are 
the same the beginning and end the test. The duration is, 
all except six tests, exactly hours, which leads the suspicion 
that exactness the conditions might possibly have been sacrificed 
uniformity time. The duration the tests, however, was suffi- 


Mr. Bryan. 
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ciently long eliminate largely any errors which might have crept 
in, starting and stopping. 

Second.—The use meters for measuring the water seems unfor- 
tunate, view their known unreliability. The system calibra- 
tion was, course, such reduce the possibility error 
minimum, but the use the ordinary weighing measuring tanks 
would not have greatly increased the complication, and would have 
eliminated doubt. 

Third.—Table No. comparison the boilers when clean and 
when dirty, and shows fuel saving 2}% favor the clean 
boilers. The cleaning, however, seems have been entirely internal, 
and data are given the effect soot the external 
The writer has found this more serious matterthan scale, 
cutting down capacity and efficiency very rapidly. Many the coals 
tested were regretted that Mr. Hill did not 
the same time make some record the smokelessness each these 
coals, they doubt differed greatly this characteristic. The 
question smoke abatement live one Cincinnati just now. 

Fourth.—Mr. Hill’s method determining the accidental moisture 
coal drying sample the man-head good one. Great 
care must taken, however, insure that representative average 
sample secured. still better plan air-dry, warm room, 
the entire amount coalto burned, whenever possible so. 

The above criticisms, will noticed, are details minor 
importance, and not affect the value the paper 
the writer’s judgment the results are not only strictly comparative, 
but their absolute value great, even though the author’s methods 
may not every detail meet the requirements the highest technical 
refinement. 

Mr. Hill has done well call attention the effect external 
conditions upon the quality the steam. When boiler crowded 
beyond its rated capacity, when its rate work changed sud- 
denly and materially, where the condition the fires altered 
suddenly, natural for the effect felt increased moisture 
the steam. also true, however, that well-designed boiler will 
keep these disturbances minimum. 

The surprising fact that increased stack temperatures are some- 
times accompanied higher boiler efficiencies has been noticed 
others, and probably due the fact that combustion more 
complete when the fire-box temperatures are high, and that 
transmission the water better account the greater differences 
temperature. also probable that much smaller excess free 
air admitted the grates such times. 


Mr. (by letter).—In connection with the labora- 
tory work Sibley College, Cornell University, various forms coal 
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calorimeters have been used, and the results obtained compared Mr. Carpenter. 
with different and also number cases the deter- 
minations have been compared with the computations made from 
complete chemical analysis. 
general conclusion probably possible get accurate 
results with all the commercial forms which admit standardization. 
fact, quite possible get identical results, proper manage- 
3 


ment and correct manipulation, with any these instruments. 
question inaccuracy cannot raised much with reference the 
instrument used the personal habits and methods manipula- 
tion, found that nearly all the errors calorimetric deter- 
minations which are made students are due personal errors 
observation. The errors most likely made are those pertaining 
the weighings and the determination moisture which may 
the samples coal during the manipulations. 

The various errors which are made calorimetric determinations, 
other than those pertaining the instrument, may summed 
follows: 

(1) Errors sampling. 

(2) Errors weighing the sample the residue ash, 

(3) Errors caused change moisture the sample during 

the various manipulations. 
Errors weights water the calorimeter. 
Errors rise temperature water. 
Instrumental errors. 

The writer will consider these various errors the above order. 

(1) Regarding the errors sampling, the writer’s experience has 
shown that the directions for obtaining the sample are properly 
followed, little error should result from this cause. The 
practical proof this assertion the uniformity results which have 
been obtained the laboratory work referred with great number 
samples coal, taken not only from the same carload, but from 
different carloads from the same mine. fact, these investigations 
rather serve show decided uniformity the value the com- 
bustible matter the coal taken from entire region. The only 
prominent exception this the coal from the Clearfield District, 
which seems vary widely character. The coals from most the 
other districts, while differing greatly from each other, agree very 
closely when from the same mine. Thus there reason expect 
that coal from the Lehigh anthracite region will show very closely 
500 per pound combustible; the coals from the districts 
further west and which are classified semi-anthracites, usually give 


heating value nearly 000 per pound combustible. 
This value also very closely realized the bituminous coals the 
Pittsburg district. The coals found about the same latitude 
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Mr. Carpenter. Pittsburg show gradual falling off heating power the 
source supply removed westward and increase amount 
moisture. The Hocking Valley coals have heating value about 
500 per pound combustible, while those still further 
west show considerable falling off value; some the coals 
showing low 000 per pound combustible and 000 
000 per pound coal. This regularity the quality 
coal from the same district neutralizes very greatly the effect 
errors sampling. 

(2) The sample usually selected for calorimetric determination has 
burn very much larger samples coal because the expense 
the necessary oxygen, nor necessary, provided the weighing 
accurately done chemical balance. The difficulties securing 
perfect combustion would also increase were the sample made much 
larger. order accurate weighing, person must understand 
the use chemical balance. This not difficult machine 
master, but the writer finds from experience that engineers are 
accustomed work with large quantities that more errors are made 
its use than performing any other operation connected with the 
calorimetric determination, except the temperature readings. There 
is, course, excuse for this condition affairs, except that engi- 
neers are not trained make fine weighings. Any error weighing 
affects the results direct proportion. 

(3) The samples coal should shipped hermetically sealed 
jar, retain the original amount moisture. Coal gives 
takes moisture very readily and very rapidly, may drier 
damper than the air the room. This change rapid that, the 
coal originally received burned the calorimeter, considerable 
error may result from change moisture contents sufficient affect 
seriously the results, between the time taking the first weights and 
getting the coal into the calorimeter. This error can obviated, 
large part, making all determinations very dry coal. The 
writer once presented paper before the American Society Mechan- 
ical Engineers describing the Hygrometric Qualities Coal. 

(4) Errors weight water the calorimeter affect the results 
directly, since, most cases, the heating value determined from 
the product rise temperature and weight water; the water 
used ordinarily from 300 800 times that the fuel burned. 

(5) Errors rise temperature may due lack uniform 
temperature the water and errors thermometer readings. 
account the large amount water relation the fuel burned, 
the temperature change very and great care must 
taken temperature determinations. These are fully likely 
occur errors weighing. They are minimized using very 
accurate thermometer and taking the readings with great care. 
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(6) The errors due the instrument itself and inherent can Mr. Carpenter. 


always eliminated process standardization. The best 
method standardizing is, doubtless, the burning charccal made 
from sugar, and this reeommended the German chemists the 
most reliable method determining instrumental constants. 

appears from the paper that Mr. Hill used for his work the 
calorimeter; unfortunately, his determinations have beeu made 
coals which the writer has not previously tested, and consequently 
unable give any results could used verify those 
the paper. The results seem, however, from knowledge coals 
adjacent regions, reasonable, and what would expected. 

Furthermore, judging from the method use the instrument, 
and the care and accuracy with which the experiments were 
performed, the results can adopted accurate and reliable. 
numerous cases the writer has checked the values obtained with the 
calorimeter used Mr. Hill with those obtained the bomb calori- 
meter, commonly called Mahler’s, and when the experiments have 
been carefully performed, error exceeding was found. This 
about the limit error the operation the instrument. 
both the instruments mentioned were standardized and operated 
entirely different methods, the concurrence results would indi- 
cate the substantial accuracy both. 

Table No. gives the results determination two samples 
coal from Wills Creek, Ohio, made with the Carpenter calori- 
meter, together with computation the heating value from 
complete chemical The results are interesting showing 
the close agreement which may obtained eutirely different 
methods. 

Heat Value Coal Computation.—A complete analysis this coal 
shows the following constituents the volatile matter: 

Combining this analysis the volatile matter with the approximate 
analysis obtain: 

Volatile matter, 20.31; moisture, 5.73; ash, 11.415; fixed carbon 
46.625. 

The heating value U., corresponding the analysis, may 


substitution 
The calorimetric determination for this sample, whicli was used 
November 15th, 1898, gave 031 per pound coal. 


The close agreement the computation with the calorimetric 
determination indicates the correctness the determination given. 
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The coals used two different days from different carloads have 
heat values which differ from each other less than and, 
hence, for practical purposes comparison, they may considered 
identical. 


TABLE No. ANALYSES AND CALORIMETRIC DETER- 
MINATIONS, LABORATORY, SIBLEY COLLEGE, 


Coalused Dry coal. Combustible 
100% 100% 


First sample. as received. 

Volatile 36.17 38.35 43.70 
46.61 49.42 56.30 
U., from calorimeter, per 

Second sample. 

Volatile matter............... 36.29 38.52 43.76 
U., from calorimeter, per 

Average. 

46.625 49.46 56.27 


Note.—Coal from Wills Creek. Ohio, used in test of Wickes boiler at Wyandotte, 
November 15th, 1898. Sample of ash contained 32.9% of combustible, corresponding to 
ash the test. 


The writer has nothing urge relation the advantages 
disadvantages any particular form calorimeter, although doubt- 
less much could said favor against any particular type, 
depending upon the standpoint from which the subject was viewed. 
feels positive that the instrumental errors the calorimeter used 
Mr. Hill are small magnitude and few number 
those any instrument made. 


Joun Am. Soc. (by letter).—It should under- 
stood that these tests, primarily, were determine the relative 


-physical value, under uniform conditions service, the steam 


coals available the Cincinnati market, especially for use the 
City Water Department, and the only way which this 
accomplished satisfactorily was firing the coals the Department 
boilers the Department firemen. avoid interference with the 
regular daily operation the Water-Works, the Board Adminis- 
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tration required that the tests should made the Hunt Street 


Pumping Station, which has all times small surplus power. 
required that the coal should fired boilers which had 
patented appliances especially adapted one class kind coal, 
and that the steam should used performing the daily work 
the pumping station. The author has doubt that the Galloway 
boilers were not the best for all the coals tested, but believes that 
they were the best which could had the Hunt Street Pumping 
Station. With reference the fitness the boilers for this work, Mr. 
Kent evidently has overlooked the following paragraph page 63: 

quite possible that the boilers used these tests were not 
the best for all the coals tested, and that some kinds and grades 
coal suffered accordingly; but that condition which perhaps will 
always found true, for form boiler and furnace can equally 
well adapted every variety bituminous (and semi-bituminous) 
coal, nor could changes made the boiler and furnace, and the 
mode firing, for the different kinds coal, without raising 
suspicion the investigator’s mind that doing would 
favoring one coal the expense another.” 


And page 85: 

Reference the physical efficiencies these coals (Table No. 23), 
indicates that none the coals was giving very high results, and 
some, undoubtedly, were worked disadvantage, although the evi- 
dences this were not apparent the time; but high efficiency the 
low-grade coals cannot always attained except furnaces especially 
adapted for them. All the losses heat chimney draft, 
should limited 30% the ultimate heat value the coal; and 
designing boilers and furnaces, due regard should had for the work 
performed and the coal used.” 

the author understands Mr. Kent correctly suggests that these 
different coals should have been tried under different boilers and 
different firemen. Had this been done, would have been impossible 
have formed any correct estimate the influence boilers and fire- 
men the several coals, and would wholly have failed answer the 
question submitted the author the Board Administration. 
Undoubtedly, the proper method for the determination the ultimate 
value each coal would have been test with several kinds 
boilers and furnaces, but this was wholly outside the scope the 
author’s authority opportunities these investigations. 

Mr. Kent seems first commend the internally-fired boilers used 
these trials, and then object them, because the furnace was 
not lined with fire-brick secure better combustion the volatile 
matter the coals. This suggests the fire-box boilers for some kinds 
coals, and boilers with brick furnaces for other kinds coals; but 
since all these coals contained from matter, any 
objection the use the fire-box boilers for the bituminous coals 
will apply, but possibly with less force, when used with semi-bitu- 
minous coals. 
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The author must take issue with Mr. Kent with reference the 
rate evaporation used these tests. The Galloway boilers, and 
fire-box boilers generally, which have come under the observa- 
tion, have been worked successfully much higher rates than that 
adopted for these tests (5.33 lbs. steam per square foot heating 
surface per hour). Indeed, the contract trial (from which some data 
are given page 65), these boilers were worked the rate 7.57 
steam per square foot water-heating surface per hour, from the 
temperature feed water (193° Fahr.) steam 92.8 lbs. gauge, 
rate nearly 50% higher than that adopted the author. Under 
this condition the boilers were said have made, with Pittsburg Nut 
coal, 12.40 lbs. steam from and 212° Fahr. per pound com 
bustible. The trial mentioned was made the late Mr. George 
Sellers, Wilmington, Del. 

will observed that, from Mr. Kent’s point view, the coal 
(Pittsburg) used Mr. Sellers, reason its high percentage 
volatile matter, was peculiarly unfitted for fire-box boilers. 

With reference the rate work, the author does not believe 
that these coals should burned lower rates than shown 
Column Tables Nos. 13, and 15. fact, since the trials 
were made, has been thought that some the coals were burned 
too low rate, per square foot grate surface per hour, 
obtain the best effects. will remembered that the boilers 
were worked substantially the same rate evaporation per 
square foot heating surface per hour for all coals, and the extreme 
variation from the average rate was, with one exception, within 
per cent. 

The extreme ground, assumed Mr. Kent, that the boilers were 
indifferent condition, driven too hard, and fired inexperi- 
enced firemen, wholly unwarranted. The boilers were excellent 
condition, regularly cleaned the end each fourth test, and the 
firemen were the best employed the City Water Department, and 
possibly were expert handling these coals any firemen who 
were available for these tests. 

The figures quoted Mr. Kent page not indicate what 
terms variable but indicate the variable quality 
coal from the same dealers, and, presumably, from the same mine. 
Variations the quality coal from different sources and 
entries the same mine are well known. given seam 
coal marked variation heating power may found different 
heights the seam. 

Considering the experimental work Professors Lord and Haas,* 
which shows, the Mahler calorimeter, extreme variations (on com- 


* Loc. cit., page 73. 
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bustible) different samples coal from the same measures, the fol- Mr. Hil). 


lowing percentages are found: 


Mr. Barrus, from calorimetric tests the same coals (on coal) 
obtained the following percentage variations: 


George’s Creek (Cumberland), 9.45 


The Acme coal and Coalburg coal are supposed from the same 
seam, and mined miles apart. The difference between these coals 
physical tests combustible was 7.7 per cent. Again, the Cedar 
Grove and Belmont coals are mined the same parties, the same 
property, the seams being about 340 ft. (vertical) apart. The differ- 
ence between these coals combustible was 4.7 per cent. Part 
these differences may due variable firing, but the larger portion 
due variability the quality the coal from different seams the 
same property, from the same seam widely separated properties. 

Mr. Kent’s comparison the coals from the Pittsburg mines, 
demonstrate his belief that the firing these tests was variable, not 
altogether fair. The Brown mines and the Woods mine are separated 
about miles, although supposed working the same seam 
coal, and, view the reasonable uniformity the several grades 
coal from the respective mines, the comparison for variable firing 
(upon the assumption, which not true, that the coal uniform 
quality throughout the seam) should made upon the average per- 


formance each coal, thus: 


POUNDS OF STEAM PER POUND OF 
CoMBUSTIBLE FROM AND 


Catsburg, four samples................... 9.46 
9.29 
Monongah (West Virginia), one 9.58 


All these coals are from the Pittsburg measures, and the com- 
bustible the nut and slack good the higher grades coal. 
Upon this showing, the extreme difference the performance, and (by 
Mr. Kent’s method reasoning) variability firing, or, 
the Cincinnati coal omitted, the difference these coals less than 
1.2 The Cincinnati coal, both physical tests and the 
calorimeter, falls distinctly under the other twelve samples from the 
Pittsburg seam. 


* Loc. cit., page 73. 
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The theory that all kinds coal such the author investigated 
will give fairly uniform efficiency any given type boiler, 
novel proposition the author, and scarcely consistent with Mr. 
Kent’s original suggestion, that these boilers were not well suited 
all the coals tested. Experience has taught the author that the 
physical efficiency given coal will depend very much upon the 
adaptability the boiler and furnace that coal, and variations 
efficiency must anticipated when single type boiler and furnace 
used with different kinds coal. 

Long before these investigations, the author had made many experi- 
ments coals with the Thompson form calorimeter, and had 
studied carefully all the available literature with reference the use 
the Berthelot bomb and other methods proposed for the determina- 
tion the heating power fuels, and reached the conclusion that 
the heat value any substance had been accurately determined 
any form calorimeter, was that carbon; and the heating value 
pure carbon burning without ash now known, that the Carpenter 
instrument would furnish accurate and reliable results, when 
properly standardized, the Berthelot any other form bomb, 
and, therefore, adopted for these investigations. 

order check his work, well could done from the avail- 
able data, Table No. was compiled. From this itappears that, with 
coal from given locality, startling differences occur between the 
work the author and that Messrs. Hale and Williams with modi- 
fied form Berthelot bomb; Professor Carpenter with his own 
instrument; and Professors Lord and Haas with the Mahler bomb; 
and these differences are greater than each experimenter probably 
has obtained his own work. 

The author sees greater difficulty standardizing the Carpenter 
calorimeter pure carbon than standardizing the Berthelot bomb 
naphthalene, orany other substance supposed known heat value. 
one case, the heating power pure carbon assumed have been 
accurately determined, and the other case, the heating power 
naphthalene assumed have been accurately determined. 
combustion the coal sample concerned, there reason why 
should not complete and perfect the combustion chamber 
the Carpenter instrument the combustion chamber the bomb; 
nor does appear the author any more difficult account for the 
total heat combustion the Carpenter instrument than the 
Berthelot Mahler bombs. 

The use, excess, pure oxygen under pressure insures perfect 
and complete combustion, thus avoiding the usual loss due imper- 
fect combustion the volatile matter coal, when burned under 
steam boilers, and insuring the presence pure oxygen, the con- 
version all combustible matter into carbon dioxid, sulphuric acid 
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and water. using the Carpenter instrument, not convenient Mr. 


collect the nitric acid obtained from the substance burned nitrogen 
present, nor this necessary, because the heat liberated con- 
verting the nitrogen into nitric acid seldom exceeds one-third 
the total heat the substance. 

The advantage the Carpenter over all other forms coal calori- 
meter its simplicity form and operation, and the readiness 
with which the notes may reduced, thus avoiding the possible errors 
complicated apparatus and tedious computation. 

reply Mr. Kent’s remark under Table No. 29, that one 
instance (Cincinnati Pool coal) the author’s calorimetric work not 
entitled credit, Table No. 31, comparing the results obtained the 
author, with the results obtained from the same kinds coals Pro- 
fessors Lord and Haas, and Professor Carpenter offered. 


Kinp oF Coat. | AUTHOR. Lorp AND Haas.| CARPENTER. 
Pocahontas a 15 133 14 906 15 094 
Thacker....... 14 526 
15 45) 15 7 15 870 


Average Hocking Valley and Jackson coals. 
Hocking Valley coal. 


The author. does not know whether Mr. Kent considers the calori- 
metric work the other investigators entitled credit, but 
does, seems that the differences heating value the parallel coals 
tested are not large suggest grave errors the author’s work. 
The extreme difference the anthor’s work the Pittsburg (Penn- 
sylvania) coals, physical tests, and calorimeter (on 
combustible) which seems indicate that Mr. Kent has made 
mistake rejecting the calorimetric Pittsburg-Cincinnati coal 
his Table No. 29. 

may observed passing, that, Table No. 29, Mr. Kent does not 
attempt fit his curve tothe Ohio coals having nearly the same percent- 
age fixed carbon the net combustible the Pittsburg and some 
the Kanawha coals, doubtless for the reasons which gives page 90. 

The heats given Mr. Kent’s curve for semi-bituminous coals 
containing about 80% fixed carbon the combustible, agree well 
with the results obtained the calorimeter, but, for coals much lower 
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Mr. Hill. fixed carbon, the differences are too great admit using the curve 


for either practical scientific purposes. 

For more than half century has been held that the heating value 
bituminous and semi-bituminous coals was directly proportional 
the percentage fixed carbon the combustible matter, although 
there limit the application this theory, because well 
known that the heat energy per unit weight less for the anthra- 
cite coals than for the semi-bituminous coals, like New River, Cum- 
berland and Pocahontas, and point reached the ratio the 
fixed carbon volatile matter which indicates the highest heat value 
theoretically attainable coal. Above this point ratio fixed 
carbon volatile matter, the thermal value the coal declines until 
reaches pure carbon, with heating value per 
pound, and below this the heating value declines increasing ratio 
until the low value 200 per pound reached, with 
combustible which 50% fixed carbon and 50% volatile matter. 

The author does not share Mr. Bryan’s fear that the 
amount coal charged each trial, respectively, might have arisen 
from the method starting and stopping the trials, considering that 
each the four furnaces was fired from four five times per hour. 
all the furnaces had been charged with green coal just before trial 
was started, and the grates left bare the end the trial, the maxi- 
mum error the coal charged would have been but with the 
fires each the four grates burned down the lowest point, 
while maintaining the steam pressure the beginning and end 
each trial, the probable error the weight coal charged must have 
been much less than the usual errors observation. During the last 
minutes, just before starting and stopping each trial, the firemen 
were under constant supervision, order avoid excess defici- 
ency coal the grates, while maintaining the steam pressure and 
the speed the pumping engine.* 

Considering the temperature which the feed-water was neces- 
sity the meters seem the best device for the purpose. 
Under other conditions than those described the paper, the author 
agrees with Mr. Bryan that preferable weigh the water the 
boilers. 

With reference cleaning the boilers before Trial No. paper 
neglects state that the boilers were cleaned inside and out, and the 
grates and bridge-wall thoroughly overhauled and made equal new. 

view the relative value New River and Pocahontas coals, 
singular that the Navy Department has not accorded the former coal 
the rating which deserves. The author understands, unofficially, 


Refer paragraph bottom page and top page 33. 
Refer paragraph bottom page and top page 34. 
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that New River coal rated 90, Pocahontas coal being taken the Mr. Hill. 
standard 100; while, fact, under the steam boilers physical 

test, and upon the heating value both coal and combustible, New 

River coal possesses slight advantage over Pocahontas coal, and 
should rated high the latter. 

burning all coals under steam boilers, only fraction the total 
heat goes into the water the boilers. The remainder, which lost 
for useful effect, represented the heat required produce 
chimney draft, evaporation moisture the air which passes 
through the furnaces and boilers, evaporation the moisture 
the coal, the latent heat the gases combustion, and radia- 
tion and conduction heat from the exposed surfaces furnaces and 
boilers. Notes sufficient show the losses heat detail were not 
taken during these tests, nor was the time thought necessary, be- 
cause all the coals were burned the same boilers, the same fire- 
men, and under uniform conditions practice, and with compara- 
tive” rather than ultimate” effects view. 


' 


